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PREFACE. 



The Lectures contained in this volume have been delivered 
at Gresham College daring the last two years. In response 
to various requests, and by the kind and liberal assistance of 
the Gresham Committee of the City of London, to whom the 
author desires to tender his grateful thanks, they are now 
published. 

In the description of the Planets and Satellites which 
they contain, such information as may be found in almost 
every astronomical textp-book is briefly recapitulated ; that 
which is less familiar, or of recent announcement, is discussed 
more fully. In the case of the Sun and Moon it has only been 
possible to mention a few points of special interest Those 
who desire fuller information may consult the larger works 
of Professor Young, Mr. Proctor, and the late Padre Secchi, 
upon the Sun ; of Mr. Neison, Mr. Proctor, and others, upon 
the Moon. The time and spaee at the author's disposal have 
prevented him from making more than a passing reference to 
the cometary and meteoric members of the Solar System. 

A Gresham Lectureship only provides for the employment 
of a limited amount of time in the duties of the office. It is 
extremely difficult for one who holds it to maintain a satis- 
factory acquaintance, amidst the press of other work, with 
the vast range and the startlingly rapid progress of such a 
subject as Astronomy, for the study of which the longest 
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Tl PREFACE. 

lifetime is far too short. Information as to any errors or 
misprints in this volume will therefore be most gratefully 
received. 

Although the Lectures have been printed from the original 
manuscript used in their delivery, alterations and additions 
have been freely introduced. At Gresham College they were 
copiously illustrated by means of a lime-light lantern. The 
illustrations now supplied are necessarily far less numerous. 

In accordance with the author's usual practice in his Lec- 
tures, references for further information are in general made 
to such works upon Astronomy as are most easily accessible, 
rather than to the original authorities, which he has himself 
in almost every instance consulted. 

In footnotes various numerical calculations are introduced. 
When it is possible to obtain a result by means of arithmetic 
it seems advisable that the process should be shown. School- 
masters, pupil-teachers, and others have attended the Lectures, 
who have found such problems useful and interesting. 

Some readers may perhaps think that too much space is 
given to the celestial phenomena which would be seen by an 
observer upon the various planets. Their investigation, how- 
ever, affords a useful mental exercise, and enables a student 
to realize more easily other celestial movements, a tliorough 
acquaintance with which is essential. 

So rapid is the progress of Astronomy, that, even while tlie 
present volume has been passing through the press, advances 
have occurred which have rendered some of its pages almost 
antiquated. The only reference to Dr. Siemens' theorj' of the 
Conservation of Solar Energy is in a footnote printed veiy 
shortly after his Memoir was read to the Royal Society, and 
before it had been possible properly to appreciate it. In like 
manner it has been impossible to discuss Professor Langley's 
researches with regard to the atmospheric absorption of the 
Run's radiations and the relation of the possible temperatures 
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PREFACE. Vll 

upon the surfaces of the various planets to the constitution of 
their gaseous envelopes. 

In the preparation of the Lectures most existing manuals 
and popular works upon Astronomy were freely employed, but 
the references were not in every case retained, as they were 
not needed for vivd voce use. The author has, however, en- 
deavoured to record his indebtedness wherever it was possible. 
Any omission to do so is quite unintentional. 

He begs to state that he owes much to Mr. Proctor's works, 
especially to those upon the Moon and Saturn ; to various 
volumes and articles by Mr. Lockyer ; to Mr. G. F. Chambers' 
" Handbook-of Descriptive Astronomy ; " to many pages of the 
Observatory ; to Sir G. B. Airy's " Ipswich Lectures ;" to Pro- 
fessor Newcomb's "Popular Astronomy;" to Grant's " History 
of Physical Astronomy;" to Sir G. Herschel's "Outlines of 
Astronomy;" to Professor Young's "Treatise upon the Sun ;" 
to Dr. Ball's " Elements of Astronomy ; " to the " Annuaire of 
the Bureau des Longitudes," and to that of the Royal Obser- 
vatory of Brussels ; to Sir E. Beckett's " Astronomy without 
Mathematics;" and to the Rev. T. W. Webb's "Celestial , 
Objects for Common Telescopes." 

He tenders his thanks, for much kind advice and informa- 
tion, to the Astronomer Royal ; to Dr. Huggins, for very 
valuable assistance, particularly in connection with Lecture II. ; 
to Dr. Hind, Superintendent of the Nautical Almanac ; to Mr. 
Dale, Fellow of Trinity College, Cambridge ; to Mr. Bentley, 
who has allowed two diagrams to be copied from the English 
edition of Guillemin's "The Heavens"; to M. Niesten, for 
permission to reproduce a drawing of the orbits and distri- 
bution of the Minor Planets ; to Mr. N. Green, for his most 
liberal loan of the lithographic stone of his chart of Mars ; 
to the Council of the Royal Astronomical Society, for the 
picture of the Sun's Corona in Plate IV., and for the 
views of Jupiter in Plate VIIL ; to Mr. G. D. Hirst, who 
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via PREFACE. 

presented these last-named views to the Society ; to Mr. 
Trouvelot, whose drawing of Saturn is shown in Plate IX. ; to 
Mr. Nasmyth^ for the plate of the lunar mountain, Copernicus ; 
to Mr. G. F. Chambers, for ten woodcuts (six of which are 
from his "Handbook of Descriptive Astronomy"), and for 
permission to reproduce two others ; to Messrs. Kegan Paul, 
Trench, & Co., who have kindly supplied the copies of a 
photograph of the Moon, by Mr. Rutherfurd ; to Mr. W. H. 
Wesley, the Assistant Secretary of the Royal Astronomical 
Society, for invaluable assistance in the preparation of nearly 
all the woodcuts, and of Plates II., III., VII., VIIL, and IX.; 
to Mr. W. T. Lynn, who has carefully . revised the proof 
sheets, and whose suggestions whilst doing so have not only 
much contributed to the accuracy of the statements made in 
the volume, but have afforded important additions to its infor- 
mation. The kind assistance of many other friends has also 
been most helpful. 

" With what a perfect, world-revolving power, 
Were first th^ unwieldy planets launched along 
Th* illimitable void ! Thus to remain 
Amid the flux of many thousand years, 
Unresting, changeless, matchless, in their course ; 
To night and day, with the delightful round 
Of itoasons, faithful ; not eccentric once : 
So pois'd, and perfect is the vast machine ! *' 

Gresham College, 
October, 1882. 
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DESCRIPTION OF THE DESIGN ON THE COVER. 



Thb comparative fizes of the Sun and the Planets are represented in gold as. 
correctly as it was possible to print them upon the cloth. They are shown more 
accurately in a diagram at the end of Lecture XY. 

The symbols above and below the group of San and Planets are those in general 
-employed by astronomers for the sake of brevity. In order from left to right they 
represent— the Su5, the HooK, Herccbt, Vekus, the Eabth, Mass, Jupiter, 
Saturn, Uranus, Neptune. 

They are also given in two sets of five upon the back of the cover above and 
"b.low the title, underneath which is a representation of Jupiter and its four 
Satellites. 

Amongst other interpretations of the above-mentioned symbols, that of Mercurit 
Jaas been supposed to rep;resent his herald's tcand; that of Venus, her looking't/lass ; 
that of Mars, his $pear and shield; that of Jupiter, his throne; that of Saturn, 
his sickle. Those of Uranus and Neptune are respectively derived from the first 
Jetter of Sir William Herschel's name, and the trident of the grea.t Sea-god. 
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ADDENDA ET CORRIGENDA. 



Pi.OK 

3, line 14, brfore the Ban iutert » point upon. 

19* ti 19, for Jjeverrier read Le Terrier. 

13, .. 30,/tfrlifirhtafWKlIight. 

94, „ 17, /or vertical fvtti vortical. 

161, „ 18, bffor« Venua ii»»ert the orbit of. 

181, „ 2 of footnote, oJUr perpendicular to tMert and in the same plane with. 

186, „ 12, b^ore monsoona intert south-west. 

186, „ 14, for the African deserts rmd southern Asia. 

S20, „ 31, omit and twenty-five minutes. 

S3S, „ 4, for equatoreal and polar read polar and equatoreal. 

In connection with the footnote, p. 206, Lecture IX., reference may be made to Note$ and 
Querlee of September 30th, 1882, where the etymology of the name of the mountain called 
SkekaULeu by Dr. Maskelyne is discussed. It appears that Bhehallion best represents the 
pronunciation of the name. 

Since liccture XI. was printed two additional Minor Planets have been discovered; vlz.^ 
No. 290 by Dr. de Ball on September 3rd ; and No. 231 by Dr. Palisa on September lOth^ 
1882. 

The references in Lecture XIV. are to the first edition of Ur. Proctor's " Saturn." 
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LECTURE L 

THE SUN, 

** Sire of the seasons ! Monarch of the climes 
And those who dwell in them 1 for, near or far, 
Our inborn spirits have a tint of thee, 
E'en as our outward aspects.*' 

The progress of astronomical science during the last five-and- 
twenty or thirty years has been so rapid as almost to approach 
the marvellous. This statement is true of astronomy as a 
whole ; but it applies with especial force to the advances that 
have been made in the study of the Sun's physical constitution 
and condition. Discovery has followed upon discovery, and 
victory upon victory, as astronomers have stormed one outlying 
fortress after another of the Sun's hidden secrets, which, until 
lately, appeared impregnable. At the same time, the more the 
horizon of our knowledge widens, the less we seem to know, in 
contrast with the boundless field of still untrodden truth that 
each successive step opens to our view when we turn our 
thoughts to the Sun. 

It is therefore not only in order to expatiate upon past 
triumphs that we begin our discussion of the Solar system by 
drawing the attention of our readers to that great luminary, with- 
out whose quickening rays and potent sway the Earth would, in 
A few brief days, or weeks, become a frozen desert, and the whole 
family of planets a wild band of rioters ; but we have a still 
more cogent reason for doing so in the intense and increasing 
interest which must inevitably attend the study of the Sun for 
many a year to come. We can confidently affirm that this 
must be the case, when we notice the very remarkable manner 
in which this branch of astronomy is linked to other kindred 
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2 THE SUN. 

sciences. The discoveries which have recently been effected 
in chemistry and physics by means of the spectroscope ; in- 
vestigations as to the simple or compound nature of sabstances 
hitherto classed as elementary ; refined researches into the 
phenomena of the highest obtainable vacaa ; the most advanced 
methods of photography; and some of the most important 
problems of meteorology, magnetism, and electricity, are all 
found to be intimately connected with the study of the Sun's 
physical condition. 

But before we discuss other points of greater fascination, 
and in some respects of deeper interest, it may be well, by way 
of preface, to explain what has been accomplished by mean» 
of astronomical observations, and by other scientific methods, 
towards an accurate determination of the most fundamental 
portion of all our knowledge of the Sun, viz., its distance from 
the Earth. For our greatest hindrance in all investigations 
of its condition is the vastness of that distance ; and the 
importance of its more accurate determination has of late been 
brought into special prominence in connection with the transits 
of Venus of December 8th, 1874, and December 6th, 1882 ; the 
latter of which will happily (weather permitting) be partly 
visible at Greenwich. 

To find how far the earth is from the Suu is a proUem well 
worth solving, for almost every other astronomical measure- 
ment depends upon it. But it is in no wise an easy problem* 
It gives scope for the most refined investigations, and yet it 
is one in which, we believe, even those who have had ver}- 
little scientific or mathematical learning may take an intelli- 
gent interest. Its direct solution by the ordinary methods 
used in a terrestrial survey is altogether impossible. A sur- 
veyor measures the distance between two stations, a and b, as 
in Fig. I., and observes with his theodolite the directions in 
which a distant object, s, is seen from them. He is then, in 
general, able, by means of certain trigonometrical formulae, to 
calculate the distance of that object from either of his stations. 
But, in order to use his formulee with success, it is essential 
that the triangle formed by lines joining the stations with each 
other and with the distant object, be what is termed a well^ 
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conditioned triangle. This involves that the distance of the 
places of observation from one another must not be, as they 
are in Fig. II., very small compared with their distances from 
the object. In such a case the formulae fail to give any 
accurate or useful result. 

Now, if we attempt to apply the above method to the 
determination of the Sun's distance, it is easy to see that we 




Fig. I.— A well-oonditioaed triangle. 



shall not only have an ill-conditioned, but an exceedingly ill- 
conditioned triangle to deal with. 

The utmost distance, ab, measured in a straight line, 
between any two stations that we can select upon the Earth, 
is equal to the length of its diameter, which is rather under 
8,000 miles. And this is less than the xrirnr^t part of the 




Fig. IT. —An ill-oonditioned triangle. 

distance, as or bs, from any such station to the Sun, or 
very nearly in the ratio of one inch to a thousand feet. 

It may, however, be remarked that if the above-described 
surveying method could be used, the trigonometrical formulaQ 
involved would equally well determine, either the long sides of 
such a triangle, corresponding to the Sun's distance, or the 
very small angle between them. This angle (asb in Fig. II.) 
is evidently that which is subtended at the Sun by the straight 
line joining the two points of observation ; or, in the most 
favourable case possible, by the length of the Earth's diameter 
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In agreement with a nomenclature used in other astronomical 
calculations, one-half of this angle^ or one such as the Earth's 
radius of 4000 miles would subtend at the Sun, is called the 
Solar Parallax. It will, therefore, be understood, that, 
whether we speak of the determination of the Sun's distance^ 
or of the Solar Parallaa^ the sam€ astronomical problem is 
involved. 

In place of the surveying method, which is for the above 
reason inapplicable in the case of the Sun, notwithstanding 
that it is most useful and efficient when applied to terrestrial 
measurements, or even to determine the distance of the Moon 
from the Earth, other methods, less direct, but more 
interesting, are therefore employed. Of these, that which 
depends upon observations of transits of the planet Venus 
across the Sun's disc is the most generally known and the 
most full of popular and historical interest, although the estima- 
tion of its scientific value has, as we shall presently see, of late 
decidedly diminished. 

To two young Englishmen, Jeremiah Horrox, Curate of 
Hoole, Lancashire, and William Crab tree, a clothier, or draper, 
of Broughton, near Manchester, and especially to the former, 
whose early death cut short a career of the highest promise, 
belongs the credit of observing the first recorded transit of this 
planet, on November 24th, 1639 (O.S.) Horrox calculated the 
date before its occurrence, and communicated it to his friend Crab- 
tree. These two enthusiastic students had for some time been in 
the habit of corresponding with each other, and with Samuel 
Foster, who was afterwards Professor of Astronomy in Gresham 
College, and they arranged to observe the transit by a method 
which may still be found useful by those who are not possessed 
of elaborate mechanical appliances, viz., by allowing the light 
of the Sun to pass through a very small hole in a shutter, 
so as to form a distinct image upon a screen in a darkened room. 
Horrox tells us that at a quarter past 3 p.m., an opening in 
the clouds rendered his observations successful. "Oh, most 
gratifying spectacle ! " he says, " the object of so many earnest 
wishes. I perceived a new spot of unusual magnitude, and of 
aperfectly round form, that had just entered upon the left limb 
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of the Sun, so that the margins of the Sun and spot coincided 
with each other, forming the angle of contact." * Crabtreig 
was also fortunate in obtaining a brief view of the transit, by 
which he confirmed the observations of Horrox. 

The orbits and periodic times of the Earth and Venus are 
such that two transits of the latter occur at an interval of only 
eight years, after which considerably more than a century 
elapses, in which there is none. Then there are two more, eight 
years apart ; then another long interval, and so on ; every alter- 
nate two taking place in December and June respectively.! 

The transit of December 1639 having been preceded by one 
which had passed unobserved in December 1631, the next two 
did not take place until June 1761 and June 1769. In 1716 
Dr. Halley had explained the importance of an idea originally 
suggested by James Gregory, in his Optica Promota^ pub- 
lished in 1663, that these transits might be utilised for the 
determination of the Sun's distance. As the time approached, 
the English Grovernment, as well as those of other countries, 
consequently made liberal arrangements for the necessary 
observations. In 1761 the observers were not very successful; 
but in 1769 they were much more fortunate, and a discussion 
of all the results which they obtained indicated that the Sun's 

* Grant's " History of Astronomy," p. 421. See also Horrox, " Venns 
in Sole visa/' translated in his Memoir by the Rev. A. B. Whatton. 

t The plane of the orbit of Yenus being very slightly inclined to thai 
of the Earth, and thirteen of its revolutions round the Sun occupying 
only one day less than eight of those of the Earth, the positions of the 
two relatively to the Sun are almost exactly reproduced after- the lapse 
of eight years. There is, however, a slight residual difference of place, but 
so smaU that it permits the occurrence of two successive transits separated 
by the above short interval. It is, however, sufficient to prevent the similar 
occurrence of a third. And the very slowness with which the discrepancy 
of relative position increases, is at the same time the cause of the rapid 
succession of two transits, and of the long interval before another pair 
can take place. If we were to suppose two men to start at the same moment 
to run round and round two concentric circular courses, the one running 
steadily at 7 miles per hour, and the other at 6 miles per hour ; then, if 
the first course were 18 miles round, and the second 25 miles, it is evident 
that the first would take 3df hours to go thirteen times round his course, and 
the second would take 33^ hours to go eight times round his longer course 
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distance must lie between 92,000,000 and 96,000,000 miles. 
About fifty years afterwards, Eneke, as the result of aa 
elaborate investigation, came to the conclusion, that the most 
probable distance thus deducible was between 95 and 95^ 
millions of miles ; and this value was thenceforth generally 
adopted by astronomers. 

Some subsequent investigations have, however, indicated 
that a right understanding of the records of 1769 might have 
given a considerably smaller value ; and other methods of 
solving the problem having also favoured this supposition, the 
transit of December 8th, 1874, was almost impatiently awaited. 
We shall be better able to estimate the value of the conclusions 
obtained from it, if we pause for a few moments to explain 
the exact nature of the observations which are made at such 
times, and the especial difficulties which they involve. 

It is found that different places upon the Earth may see the 
planet begin to enter upon the Sun's disc, or leave itj at moments 
which may differ by more than twenty minutes. It also 
follows that if such places be so situated that they can see 
both the beginning and the end of the transit, the whole dura- 
tion of it as witnessed from them may by no means be the 
same. In fact, this difference of duration may exceed half an 
hour, as was the case in 1874. This effect is a joint result of 
two catises. 

i,€.j at the end of 33i hours they would have both very nearly completed a 
whole number of rounds, except that the first would need ^t of an hour, or 
rather less than 6 minutes, more to finish his thirteenth round. If, there- 
fore, when they started, they were in a straight line, passing through the 
common centre of the two courses, they would at the end of ddi hours be 
within 6 minutes of passing across the same straight line exactly together 
again. But the wiaUer the defect from an exact agreement of time in their 
BO passing, t^ longer would be the interval and the greater the number 
of rounds before the agreement would be perfect. This illustration may 
perhaps help to explain the somewhat similar behaviour of the Earth and 
Venus, although the length of the circumferences of their orbits is 
immensely greater than that of the short courses suggested for the 
runners ; and the actual speed of Venus would bring it slightly before, 
instead of slightly behind the Earth, at the end of its thirteenth revolution. 
Otherwise, the comparative speeds and the lengths of the courses are very 
nearly in the actual ratios of those of the two planets. 
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Of these one is the rotation of the Earthy by which any place 
upon its surface is moved with a velocity whose magnitude and 
direction at any time depend upon its latitude and longitude. 
This produces an apparent motion of Venus in the reverse 
•direction across the Sun's disc, and may either tend to shorten, 
•or to lengthen, the transit according as the place of observation 
is carried round upon the same side of the Earth's axis as 
Venus, or upon the opposite side. An observer at either pole 
•of the earth, who would be unmoved by its rotation, would of 
-course experience no such effect. 

The other cause by which a difference of duration is produced 
is the difference of the directions in which, owing to their distance 
^part upon the Earth, any two places, at any given moment, look 
at the planet. The lines joining them to it will consequently 
neither meet the Sun's edge at the same point of its circum- 
ference, nor at the same instant of time. Two such places, 
indeed, look at the planet in directions which differ just 
418 do those in which the surveyor, in the method previously 
indicated in Figs. I. and II., looks at a distant object from his 
stations. It is when, and where, those directions intersect the 
edge of the solar disc that the transit is seen to begin, or to 
•end. One place may from this cause see the planet enter upon 
the disc sooner than another, and leave it later, or vice versd. 
And its path across the Sun seen from the one station will 
appear to be longer, or shorter, than that which is seen from 
the other; and will, in the former case, at the middle of the 
transit, pass correspondingly nearer to the centre of the Sun's 
disc. 

Nor is it hard to understand that the angle between the lines 
•of sight in which Venus is seen from the two places of observa- 
tion will be as much greater than the difference of the direc- 
tions in which they look at the Sun, as Venus, wl*n seen in 
transit, is nearer than the Sun is to the Earth, ue.^ about 3§ 
times. But even such a difference of direction as this is still 
much too small for the application of the surveying method ; * 

* We are, moreover, unable to use the actual displacement of the 
position of Yenus (caused by the difference of the directions in which it 
is looked at), as we are considering its displacement upon or relcUwely to 
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otherwise, upon the occurrence of a transit, we might by that 
means calculate our distance from Venus, and a simple sum 
in proportion would give our distance from the Sun, 

It will, however, be a very different matter if, instead of 
observing the angles corresponding to two such directions of 
observation, we can use, as the foundation of our calculations, 
an interval of time which may amount to twenty or thirty 
minutes. Such an interval may either be the difference of the 
nhoU duration of a transit, or the difference of the moment 
when it begins or endsj as seen from two places upon the 
Earth. 

If only its beginning or its end is observed at each station, 
the method is termed that of Delisle. This method, however, 
is found to involve the disadvantage, that, in order to deduce 
the Sun's distance, the longitudes of the stations must be deter- 
mined with extreme accuracy. And this is often a matter of 
very considerable difficulty. 

If, on the other hand, the difference of the whole duration of 
the transit, as seen from two selected localities, is used, the 
method is called that of HalUy. In this case both places 
must see its beginning and its end. They will, in general, see 
it throughout its continuance, although it may happen in 
places not far from the poles, that the beginning may occur 
before sunset, and the end after the next sunrise, a short Arctic 
night having intervened. 

The Halleyan method very much restricts the choice of 
localities, but it does not need the accurate determination of 
their longitudes. Its efficient application involves the use of 
stations so far apart in north and south latitude, that access to 
some of them is usually very inconvenient, if not impossible. 
The difference of latitude helps to. separate the paths by 
which the planet is seen to cross the Sun, and consequently 
to increase the difference between the durations of its transit. 
It must not, however, be forgotten that this difference of 
duration will also be much affected (and sometimes to a still 

ihi, Sufiy which is itself correspondingly displaced. The above 31 times ia 
therefore reduced to 2| times. 
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greater extent than by the utmost possible change of the 
observer's latitude) by the corresponding effect of the Earth's 
rotation actings in various latitudes and longitudes, as we have 
previously described. In selecting stations, both of these con* 
siderations must be, therefore, taken into account. 

The methods of Delisle and of Halley have consequently 
their respective advantages and disadvantages. Either may 
give, as the result of careful calculations, a very accurate 
determination of the Sun's distance, provided it be possible ta 
observe satisfactorily the exact movfient at which the disc of the 
planet enters^ or leaves^ that of the Sun. But in attempting to 
do this, most annoying difficulties were experienced in 1761 and 
1769. And again in 1874 similar troubles recurred. It is 
found, owing to effects which depend upon the diffraction of 
light, and perhaps, also^ upon some other causes (not yet fully 
explained), connected with slight imperfections in our instru- 
ments, and with certain peculiarities of human vision, that it is 
impossible to say exactly when the edges of the two discs just 
touch externally (which is called external contact), or even to 
say exactly when the whole of the planet's disc is just inside 
that of the Sun (which is called internal contact). If we take,, 
for example, the beginning of the transit, it may in the first 
case be hard to be sure that the contact exists, until all at once 
it suddenly seems that one disc has encroached some consider- 
able distance upon -the other. In the second case, when the 
decisive moment is just approaching, the planet may appear to 
be gradually elongated into a somewhat pear-like shape, its 
edge for a while clinging to that of the Sun ; then, perhaps, a 
dark filament is noticed joining the two, which more or less 
suddenly fades and vanishes away, leaving the planet's disc 
so far within that of the Sun, that a very appreciable space 
separates the edges of the two. 

Very similar phenomena occur in a reversed order at the end 
of the transit. The bewildered observer cannot decide at which 
instant of these proceedings the actual contact has taken place. 
He is also often confused, in the case both of internal and 
external contacts, by a narrow line of light surrounding Venus, 
supposed to be produced by its atmosphere, which, at the time 
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DRAWINGS OF THE TRANSIT OF VENUS, DECEMBER 8, 1874. 
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Fig. m.— IngreM obterved at Bodrignes, dnim 
by Lieut. Hoggan. 



8im*s 




edge. 



Fig. IV. -Ingreee obeerved at Kergnelen's 
ojmwn by Lieat. Corb^ 



Sun'ii 




^■il*ff*. 



Fig. v.— Egress obsen'ed in Egypt, drawn by 
Miss Newton. 



The black oblongs represent the sky bounding the Sun's edge, of which 
ihe portion shown is too small to exhibit any curvature. 
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of contact, unites in a very troublesome manner with the 
bright surface of the Sun.* 

Upk>n the whole it follows that the value of transits of 
Venus for the determination of the Sun's distance is very 
much diminished. The final results of the most elaborate 
calculations vary, to a very important extent, according to the 
interpretation which we put upon the language used by the 
observers in describing what they have seen, and the deductions 
consequently drawn as to the exact instants at which they 
really beheld the occurrence-of the contacts. 

It may sufSce to state that the first^ and somewbat hurried, 
resolt of tfae British ezpeditioiis sent out to observe the transit 
of December 8th, 1874, which was presented to Parliament in 
1877,gave 93,300,000 miles (afterwards altered to 93,375,000) as 
the most probable distance of the Earth from the Sun, with a 
possible error in excess or defect of about 140,000 miles. The 
above was a mean value of the results given by observations 
of the beginning of the transit, and of its end, four times as 
much weight (owing to certain circumstances) being attached 
to the former as to the latter. These resalts, however, differed 
by more than 1,160,000 miles. 

But Mr. Stone (now Radcliffe Observer at Oxford), Arom a 
-careful and elaborate discussion of these same observations, 
•came to a very different conclusion, viz., that the solar distance 
<;ould hardly fall short of 91,600,000, nor exceed 92,600,000 
miles ; and that somewhat less than 92,000,000 miles was the 
most probable value. A further discussion at Greenwich, by 
Colonel (at that time Captain) Tupman, to whose superinten- 
dence of the British Expeditions science is very deeply indebted, 
gave a value between 92,700,000 and 92,800,000 miles. After- 
wards, however, from a still fuller investigation of the meaning 
of the observers' language, he deduced a mean result of very 
nearly 92,400,000 miles. But he was obliged to allow that 

* Some of the effects which we have described may be seen in the 
diagrams upon the opposite page, which are copies of three of those made 
'by obeerrers in December 1874, and published in the Adttriralty Report 
•of the transit presented to Parliament. In the second of these views, the 
atmosphere of Venus is very noticeable. 
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the observations only determined the probable value to be 
somewhere between 92,000,000 and 92,700,000 miles. 

There is no doubt that the discordances of these results chiefly 
depend upon the different interpretations that have been given 
to the actual wording of the reports of the observers. In saying 
this, we do not for a moment wish to disparage the value of 
their work, or of the obser\'^ation of transits of Venus for the 
purpose in question ; but it must be confessed that there is at 
present an amount of uncertainty in the figures obtained, 
which is disappointing, but which seems likely to continue, 
unless we can in some way improve our instruments, or the 
method of their use. 

It must also be a subject of great regret that the numerous 
photographs of the transit which were taken by the British 
Expeditions in 1874, have not been found to depict the edges 
of the Sun and of the planet with sulBScient sharpness to allow 
of any very accurate calculations being made from them. 

It has, however, been recently suggested by Mr. Maunder, of 
the Royal Observatorj', Greenwich, that in the transit of 1882 
Venus may pass sufficiently near to some clearly defined sun- 
spot, to allow the measurements of its position in a photograph 
to be made with greater accuracy from the edge of the spot, 
instead of from the edge of the Sun's disc. 

We may still obtain some further information from a com- 
parison of the British results with those of other nations ; of 
vhich, as yet, we know comparatively little, but it seems, so 
far as transit observations are concerned, that an uncertainty 
amounting to at least 500,000 miles will most probably remain. 
A preliminary discussion of the American photographs by Mr. 
D. P. Todd, in the Journal of Science^ of June 1881, which, 
owing to the special method by which they were taken, are, 
we believe, capable of a more precise interpretation than those 
of the British Expeditions, seems to indicate a value of a little 
over 92,000,000 miles.* 

Upon the whole it is very noticeable that all these values, 
deduced from the transit of 1874, are much nearer tx> the 

♦ It is also gratifying to know that the American photographs of the 
transit of Mercury! in 1878 have proved very successful. 
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92,000,000 miles which Mr. Stone obtained from that of 1769, 
than to the 95,000,000 which Encke published in 1824, and 
which was for more than thirty years generally accepted. It 
is also a remarkable fact that successive endeavours to solve the 
problem by other methods, subsequent to Encke's investiga- 
tion, all indicated a much smaller value than his. 

We must not stop to describe these vaiious attempts at any 
length. Two of them depend upon certain small irregula- 
rities respectively occurring in the motions of the Moon, and 
in the apparent position of the Sun during each lunar mouth, 
which involve, in a special manner, the distance of the latter. 
Others are connected with minute perturbations in the orbits 
of Mars and Venus. From these Le\^rrier, in the year 1872, 
very confidently announced that the Sun's distance must in 
all probability" be between 92,200,000 miles and 92,300,000 
miles. 

Another very interesting method is founded upon observa- 
tions of Jupiter's satellites, combined with experimental deter- 
minations of the velocity of Light. K, by such appliances as 
those invented by Fizeau,* or Foucault,t we can measure the 
velocity of Light, we may estimate our distance from the Sun 
by noting how much sooner, or later, than would otherwise 
be the case, the eclipses of these satellites are seen to take 
place, according to the distance of the Earth at any given time 
from Jupiter. 

It is true that if the Earth is so placed that the Sun is 
almost exactly between it and Jupiter, or, in other words, if the 
Earth is at its greatest possible distance from Jupiter^ that 
planet- and its satellites will. be. invisible, jowing to .thei& ap- 
parent proximity to the intense brightness of the Sun's lights. 
But if the Earth be not very far from such a position, as at Ej, 
the satellites and their eclipses may be detected, and (as is 
shown in Fig. VI.) the light coming from them must, in order 
to reach the Earth at Ej, traverse a distance not much less than 
the diameter of the Earth's orbit, in addition to that which it 
would traverse to reach the Earth, when, as at Ej, it is exactly 

♦ See Arago's "Popular Astronomy," vol. ii. 
t See Ganot's ** Physics." 
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between Jupiter and the Sun. From the observations which 
have been made^ it is found that about 997 seconds is the time 
which the light of the satellites occupies in travelling across 
the full diameter of the Earth's orbit. And if we take 997 
times the number of miles which the experiments previously 
referred to give as the velocity of light per second (viz., about 
186,380 miles), we obtain a value for that diameter of about 




Fiff. VI.— The different disbances traversed by Hffht in paasiog from Jnpiter 
to the Earth at different time». 

185,820,000 miles, one half of which, or about 92,910,000 
miles, is the corresponding distance of the Earth from the 
Sun. The method, however, has not been found at present 
to be susceptible of very great accuracy, owing to certain diffi- 
culties connected with the calculation and observation of the 
eclipses, and results differing by as much as 1^ millions of 
miles have been obtained from it; but its importance will 
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also been used in connection with a certain small apparent 
displacement of the positions of the fixed stars, which is called 
their ^*^ Aberrations'^ This effect is analogous to that by which 
a shower of rain, falling vertically on a calm day, appears to 
slope towards a person moving rapidly through it. It depends 
upon the comparative value of the velocity of the light which 
comes from the stars to an observer, and of the velocity with 
which he is at the same time carried through space as he 
receives it, by the motion of the Earth in its orbit. The former 
velocity being known, the latter can be calculated from the 
amount of any star's aberration or apparent displacement.. 
And the velocity of the Earth in its orbit being thus deduced, 
we can tell at once how far it will travel in a year ; 2>., we know 
the length of the circumference of its orbit. It is, then, a 
very simple matter to evaluate the radius of that orbit, or, in 
other words, the Earth's distance from the Sun. About 
93,000,000 miles appears to be the most probable value which 
this method gives. 

Observations of the planet Mars have also been made when 
it has been especially near to the Earth (as, for instance, in 
1862 or 1877), with a view to the solution of this same great 
problem. The method at first adopted was to notice from two 
different observatories how much nearer Mars appeared to be to 
certain stars as seen from the one, than as seen from the other. 
This effect is due to the difference of the directions in which 
the two observatories look at the planet^ the stars being so 
much farther away that no appreciable change is produced in 
their apparent positions. From such observations we may 
proceed to calculate the distance of Mars from the Eai*th by a 
modification of the surveying method already described (see 
Figs. L and II.); and it is found that we are able to do so with 
very considerable accuracy. 

The nearest distance of the planet Mars from the Earth 
being not much less than 1^ times the nearest distance of 
Venus, this last statement may appear to be inconsistent 
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with our previous remark, that the method referred to is not 
fipplicable to the case of a transit of Venus. But the iucoa- 
flistency does not really exist. We can apply the method to 
what at first sight appears to be a more difficult case, because 
we are able to make a long series of observations of Mars ni^ht 
ufter night. We then take the mean of the results given by 
them, and in this way eliminate many sources of error. 

The distance of Mars having been thus obtained in 1862, it 
at once followed by a well-known proportion which exists, as a 
•consequence of the law of gravity, among the planetary dis- 
tances, and which was first discovered by Kepler, that the 
corresponding distance of the Sun must be about 92,200,000 
miles. But the method used had one great disadvantage. It 
necessarily involves the comparison of the work of different ob- 
■servers and of different instruments at the two observatories. 
In such delicate calculations, this is a very serious cause of error. 
It may, however, be avoided by a most valuable modification of 
the method of observation, the principle of which, we believe, 
was originally suggested by Cassini and Flamsteed, and to which 
the Astronomer Royal (Sir G. B. Airy) drew special atten- 
tion in a paper read by him before the Royal Astronomical 
Society in 1857, as that which in his opinion was likely to give 
the most accurate result attainable. It may be briefly stated 
as follows : — 

That a locality should be chosen for the observation of Mars 
when the planet is especially near to the Earth, such that it 
may be observed for a considerable number of nights soon 
after sunset, and its apparent distances from certain stars be 
noted The corresponding distances should again be observed 
just before sunrise. In the meantime the place of observation, if 
near to the Equator, would have had its position in space 
altered, owing to the rotation of the Earth on its axis, by an 
amount which in 12 hours would be not much less than 8,000 
miles, and in 9 or 10 hours would amount to between 6,000. and 
7,000 miles. This would be a movement (unlike that of the 
Earth in its orbit) which would be quite ifidependent of the 
distance either of the Earth, or of Mars, from the Sun. It 
would »nove the place of observation over a space as great, or 
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almost as great, as that between any two such observatories as 
we have previously mentioned. 

The stars, as we have stated, are so distant that no appre- 
ciable effect can be produced upon their apparent positions by 
any such change in the observer's place. But it is found that 
very appreciable differences are seen in the apparent distances 
between Mars and neighbouring stars, when they are measured 
soon after sunset and shortly before sunrise. From these 
differences the known amount of the observer's displacement 
may, by suitable calculations, be compared with his distance 
from S^rs. That distance is consequently deduced with much* 
accuracy, and, as explained in page 16, the distance of the 
Earth from the Sun is then also known ; but with this very 
great advantage, that all the calculations made are founded 
on observations taken in the same place, by the same observer^ 
amd wvtii the same inetruTnent. 

A form of telescope, originally invented to measure the Sun's 
apparent diameter, and called a Heliometer, is found to be the 
best with which to take the interval between the planet and a 
star. It was with a valuable instrument of this description very 
kindly lent by Lord Lindsay (now the Earl of Crawford and 
Balcarres) that Mr. Gill (since appointed Her Majesty's Astro- 
nomer at the Gape of Grood Hope) made a special journey to 
the Isle of Ascension, where he resided for six months in the 
year 1877. In spite of many difficulties he obtained an 
excellent series of observations, involving about 350 sets 
of measures. The locality was chosen because it fulfilled the 
conditions which we have described as most important. The 
year, because Mars was nearer to the Earth than it will be 
again at any time during the present century. There is no 
doubt that very great weight is due to Mr. Gill's observations, 
and to his calculations founded upon them. He has employed 
all possible care in their computation, and has been ably 
assisted in the accurate determination of the places of the stars 
used, by the principal observatories of this and of other 
countries. He concludes that the distance of the Sun is v^ty 
nearly 93,080,000 miles ; the probable error in excess or defect 
not being more than about 127,000 miles. 
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It may be interesting to notice that a similar method of 
observation has also been applied to some of the minor planets. 
Even when nearest to the Earth the distances of those which 
have been thus observed are very much greater than that of 
Mars^ but their minute star-like discs conduce to great accuracy 
in the measurements made, and the results have agreed very 
satisfactorily with those obtained from Mars. Two, named 
Victoria and Sappho, will approach sufficiently near to the 
Earth to be useful in this way during the summer of 1882. 
It seems likely that the repetition of such observations upon 
all suitable occasions may in time lead to a very accurate 
result. 

Upon the whole, it appears that the most probable conclusion 
to which all our investigations at present tend, is, that the Sun's 
distance from the EariJi is not four from 93,000,000 miles. 
This is the value which we shall adopt throughout these 
lectures. But we cannot, at present, feel any certainty of its 
exactness within a ^^th part of the whole value. Nor can 
we ever hope to be able to determine so large a measure with 
absolute accuracy. The problem, as we have previously stated, 
is not only a very fascinating one, but is also very difficult. 

If by repeated observations of transits of Venus, and by the 
comparison of various other methods, we may be able, at some 
future time, to obtain a value true to within a tthht^I^ P*^? ^^ 
shall be well content, although this will still leave an un- 
certainty amounting to nearly 100,000 miles. 

It is to be regretted that the nearest distance of the planet 
Mercury from the Earth is so much greater than that of Venus, 
that its transits are of very little use for the purpose in ques- 
tion. On the other hand, those of Venus occur much less often 
than we could wish. There will not be another, in succession 
to that of December. 6th, 1882, until the pair which will take 
place in June 2004 and June 2012. 

When the vast importance of the Sun's distance as the great 
unit of astronomicaZ Tneasurement is considered; when we 
remember that its value is involved in almost every calculation 
connected with the solar system, and that it is in terms of it 
that we measure our distances from the fixed stars, and the 
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magnitudes of the orbits of binary and other stellar systems ; 
when we note that an error in our estimate of its value of only 
90,000 miles (or about a tttVit*^ P*^^0 afli^cts our calculation 
of the distance of the nearest star to the extent of about 
20,000,000,000 miles ; we surely ought to use every possible 
means to secure its accurate determination. 

Englishmen will, we trust, grudge no expense that may be 
necessary for the observations of 1882, nor for the due investi- 
gation and application of any opportunities that may occur for 
the use of other methods. 

The results of December 8th, 1874, although very important, 
may not have been quite so successful as it was hoped they might 
be. But the experience then gained, both with regard to eye 
and to photographic observations, may prove to be exceedingly 
beneficial in 1882. We may meet with a success surpassing 
our best expectations. In any case, the true spirit of science 
is to neglect no opportunity and to spare no pains in acquiring 
knowledge. It is to those who woo her in this spirit that 
she reveals her most precious secrets. 
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LECTURE II. 

THE SUN — continued, 

" Welcum the lord of lycht, and lamp of day, 
Welcum fostyr of tendir herbys grene, 
Welcum quyknar of floryst flowris scheyn, 
Welcum support of euery rate and vayn, 
Welcum confort of alkynd frayt and grayn, 
Welcum weilfar of husbandis at the plewys, 
Welcum reparar of woddis, treis, and bewys, 
Welcum depayntar of the blomyt medis, 
Welcum the lyfe of euery thing that spredis, 

. W^elcum be thy brycht bemye, gladyng all." 

Gavin Douglas. 

Wb now proceed to describe some of the discoveries connected 
with the physical constitution of the San which have recently 
been made, in spite of the immensity of its distance from ns. 
Until about thirty years ago very little was known of the 
great orb of day, except that it was a huge body of some 
860,000 miles in diameter ; of a mean density rather less than 
1^ times that of water; attracting the Earth and the other 
planets, and ruling their orbits, by the force of gravity; 
intensely hot; surrounded by a certain halo of glory, and 
occasionally showing some red coloured protuberances when 
its disc was hidden behind the Moon during a total eclipse ; 
at other times presenting to the view a surface of extreme 
brilliancy, which, however, was frequently defaced by the 
appearance of dark spots j easily detected in a telescope, and 
occasionally large enough, as both ancient and modern records 
prove, to be seen with the naked eye. It was also observed 
that the central portions of its disc appeared to be considerably 
brighter than the outer parts ; and that the spots, to which 
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we have just referred, indicated a revolution of the Sun, about 
an axis of its figure, in about 25^ days. The spots were often 
seen to be more or less surrounded, or preceded in their appear- 
ance, by irregular markings of special brightness, to which 
the name oifaculce was given. It was, moreover, evident that 
they were in many cases darkest in their central portions, and 
that those portions were depressed below the surrounding 
surface, which was proved by the effect of the gradual fore- 
shortening produced by the Sun's rotation, as it carried them 
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Fiff. VII.— The change in the appearance of a spot caused by the 
Snn*8 rotation provee that its central part is depressed below 
the sorrounding surface. 

from the edge to the centre of its disc, and vice verad. This 
effect is illustrated in Fig. VIL 

One attempt, and only one of any importance, had been made 
up to the time to which we refer, to fathom the mystery of 
these spots. It proved, however, to be very erroneous, although 
it originated with so great an astronom-r as Sir William 
Herschel. He put forward the hypothesis, that the very dark 
central portions of the Sun-spots might be parts of a solid 
nucleus existing within the fiery envelope which dazzles our 
sight, and that this nucleus appeared to be intensely black by 
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comparison with the surroaodiiig brightness. It was also 
suggested that, if the inner surface of the fiery envelope (which 
is generally termed the Photosphere^ or sphere of light) were 
of a dense and cloudy nature, and very slightly pervious to 
heat, the supposed nucleus within it might be a convenient, or 
even a comfortable, abode for animated beings. 

This hypothesis with regard to the Sun-spots was at the 
time by no means irrational. But it has since been entirely 
disproved. A vast advance has been made in photometry, or 
the art of measuring the intensity of any given light. Appli- 
ances have been invented by which the illumination of any 
special portion of a spot can be examined, and the whole power 
of a large telescope be brought to bear upon any given part 
of the solar surface, whether occupied by a spot or not, without 
danger to the observer. And it has been announced, by Pro- 
fessor Langley, as the result of very careful observations, that 
the central portions of a spot, which, as the result of contrast, 
seem to be of the blackest darkness possible, are really brighter 
than the arc of a powerful electric light, and radiate more than 
half as much heat as an equal area of the ordinary surface of 
the photosphere. 

It is proved that in a Sun-spot we look down into depths of 
fiery vapour, or incandescent matter ; that we see lower layers 
of the glowing envelope of the Sun in a peculiar state of dis- 
turbance, but that we see no solid nucleus, nothing that is 
really dark. 

In endeavouring to explain the conclusions to which recent 
investigations have led us, we shall frequently have occasion to 
refer to the use of the Spectroscope, the invention of which has 
provided an instrument of extraordinary power for the physical 
study, not only of the Sun, but also of stars, planets, nebulae, 
comets, and meteorites. Its construction is founded upon the 
great discovery of Sir Isaac Newton, that a beam of sunlight, 
shining through a small hole in a shutter into a darkened 
room, will be spread out into a lengthened band of coloured 
light, if it pass through a wedge or prism of glass. Such 
a band is called a Spectrum. The colours in it are gradu- 
ally shaded into one another, beginning with red at one end, 
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and passing through a succession of tints, which are generally 
described as orange, yellow, green, blue, indigo, and violet. 

It is, in fact, found that the original beam of white light is 
compounded of different colours. In passing through thd 
prism these are differently deviated, or bent, from their 
original direction ; the red constituent being deviated least, 
And the violet most. But such a spectrum is termed an im- 
pure spectrum, because the light of each individual colour, 
having a special capacity of its Own of being bent out of 
its course by its passage through the prism (which is tech- 
nically denoted by the term refrangibility\, forms its own 
image of the hole which determines the shape of the original 
beam ; and all the different images so formed, side by side, 
successively, overlap one another, except at the extreme ends 
of the spectrum. 

The spectroscope is an instrument by which this overlapping 
and consequent mixture, or impurity, of the light can be pre- 
vented. An arrangement is made in it which forms a beam of 
light bounded by an extremely narrow rectilineal slit, the 
image of which slit is a very fine straight line, and the light is 
made to pass through one or more prisms of glass, or of some 
other suitable substance, in such a course as secures the 
utmost sharpness and the best possible definition in the images 
thus formed. 

Each constituent portion of the light consequently forms a 
very fine, bright, straight line, in a position coiTesponding to 
the extent to which that particular portion is bent out of 
its original direction. And all these fine straight lines thus 
formed side by side, and parallel to one another, constitute what 
is termed a pure spectrum^ whose length is in a direction perpen- 
dicular to them all. They are in fact so fine that, in a per- 
fectly pure spectrum, they would not in the least overlap' one 
another. The light at any point of a pure spectrum is no 
longer more or less mixed, but is such as belongs to that 
particular position only. Other appliances connected with the 
spectroscope enable us to observe the spectrum thus formed 
through suitable eye-pieces, so as to magnify it, to a greater 
or less degree, as we may desire. 
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In a pure spectrum, thus obtained, it is easy to understand that 
there will be a dark gap, if the light that would form an image 
in any special portion of it be wanting in the original beam. 
This is found to be the case in so many parts of the solar 
spectrum that, in an instrument of sufficient power, thousands 
of these dark gaps may be seen. In other words, the coloured 
band of light is crossed in a direction at right angles to its 
length by thousands of fine dark lines, some of which are, 
however, observed to be much finer than others. 

It is the discovery of the meaning of these lines which has 
vastly increased our knowledge of the Sun's constitution. 

Experiments with the light of solid bodies, as well as with 
that of certain liquids, or compressed gases, so highly heated 
as to be luminous, show that a similarly coloured band, 
or spectrum, is obtained from them, but without any such 
interruptions. Such an one is termed a contirmom spectrnim. 
But it is once more found that if such light, instead of being 
allowed to fall directly upon the spectroscope, is first passed 
through the vapour of some other substance (such vapour being 
cooler than the previously mentioned source of light), dark lines 
immediately appear in what would otherwise be a cofitinttaus 
spectrum. 

We therefore conclude that in the outer regions of the Sun 
there are various vapours which originate the dark lines which, 
as we have previously stated, are invariably seen athwart the 
spectrum of the solar light. 

But we are able to infer much more than this. Further 
investigation has enabled us to identify certain dark lines with 
certain particular vapours. And this has been done, not simply 
by sending light that would otherwise give a continuous 
spectrum through various vapours, and then noting for com- 
parison the positions of the dark lines produced, but in a much 
more interesting and easy manner, which we now proceed to 
explain. 

Without entering into any elaborate theoretical discussion, 
it may suflice to state that experiments prove that, if the light 
of a gas not specially compressed, or of that produced by 
vaporizing a solid or liquid substance at such a temperature 
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that its vapour is luminous, be looked at through a spectro- 
scope, its spectrum is in general found to be utterly dififerent 
from the continuous spectrum that is obtained from the light 
of an incandescent solid substance, or in certain cases from a 
very dense liquid or gas. 

What we see in such experiments is only a certain number of 
isolated bright lines in place of the long continuous band of 
colours. These bright lines may be comparatively few (as, for 
instance, in the case of the luminous vapour of sodium), or 
may number some hundreds, as in the case of the vapour of 
iron. But in every case they occupy certain fixed positions, 
relatively to the whole space that a continuous spectrum 
would occupy. 

Our next procedure is to record these positions with great 
accuracy. We then recur once more to our first experiment, 
and pass in succession such light as would otherwise give a con- 
tinuous spectrum through certain of the gases which we have 
been using, the light in this case being taken from a source 
whose temperature is higher than that of the vapours through 
which it is now passed. As we have already stated, black 
lines will at once appear across the spectrum. 

And the very remarkable discovery has been made that the 
black lines, produced by the passage of the light through each 
vapour which it traverses, exactly correspond in position with 
the bright lines which the light of that vapour would by itself 
produce. Moreover, a consecutive passage through two or 
more such vapours, or a passage through a mixture of them, 
is found to give dark lines corresponding to the bright lines 
which belong to all those vapours. 

K therefore we first of all observe the bright lines in the 
spectra of various highly-heated and luminous gases, or in the 
luminous vapours of various substances, and then identify in 
the solar spectrum dark lines in positions corresponding exactly 
to those of these bright ones, we are at once enabled to con- 
clude, that in the outer regions of the Sun the solar light has 
passed through these identical vapours, and that each of them 
has absorbed out of the continuous spectrum which otherwise 
would be seen, those portions which correspond to its own 

Digitized by LjOOQ IC 



26 THE SUN. 

constitution, and has formed dark lines exactly in the positions 
where by itself its light would give bright ones. 

Of late very careful experiments have been made, which 
tend to show that, under certain circumstances, some, or eveu 
all but one, of the bright lines belonging to a given substance 
may disappear from the spectrum of its vapour ; and in like 
manner, that some, or all but one, of the dark lines produced 
by the passage of light through that vapour, may be wanting. 
It follows, that if we recognize only one durk line in a spectrum, 
which by its position corresponds to a given substance, we may 
be justified in saying that we have evidence of the presence of 
the vapour of that substance in the sun.* 

The spectroscope Las thus proved to us not only that the 
light of the Sun, which comes from that layer or surface of it 
by which it is ordinarily visible to us, is originally such a£ 
would give a continuous spectrum of colour, varying from 
red to violet; but it has taught us that in so coming it 
passes through overlying vapours, which are less heated than 
the imderlying layer, and which are not ordinarily visible to 

* This statement ought perhaps to be still more qualified. It is 
possible that the one line observed in such a case may not indicate that^the 
fiubstance referred to exists in the Sun as a whole. It has been suggested 
by Mr. Lockyer, that the intensity of its heat, which far exceeds any with 
which we can experiment, may dissociate into simpler oonstitnents what we 
are accustomed to call an elementary substance. If so, the one line, or the 
few out of more lines belonging to the ordinary spectrum of a substance, 
seen in the Sun, may indicate the existence of some simpler constituent 
of the substance. In an elementary lecture such as the present, we must 
pass by many such points as these, which are nevertheless of the highest 
importance and interest. Nor must we discuss the investigations which 
have of late been carried on by many distinguished men of science, both 
in England and elsewhere, as to the various orders and kinds of spectra 
given by the same substance under different molecular conditions, or under 
changes of temperature and pressure ; the phenomena of long and short 
lines, of basic-lines, of columnar and banded spectra, etc. We must also 
refrain from describing the method of obtaining spectra by means of the 
diffraction of light incident upon surfaces ruled with exceedingly close 
parallel straight lines ; such spectra (termed diffraction spectra) being in 
many cases superior to those produced by the use of prisms. For infor- 
mation on these points we refer our readers to the proceedings of the 
Boyal Society, the British Association, and other learned societies. 
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US. It has enabled us to recognize that the dark lines pro- 
duced by these vapours belong to various substances with 
which we are familiar upon the Earth ; some of the most im- 
portapt of which are Hydrogen, Sodium^ Calcium, Manganese, 
Magnesinm, Iron, Nickel, Barium, Cobalt. 

The presence of some of these is indicated by only a few 
dark lines, corresponding to a greater or less proportion of 
the bright lines which are seen in experiments with their 
vapours. On the other hand, more than 450 dark lines have 
been recorded in the solar spectrum which correspond to bright 
ones belonging to the vapour of Iron. And these, although 
so numerous, agree exactly, each to each, and not only in 
position, but in relative thickness and intensity. 

In fact, we are able, by means of this wonderful instrument, 
to bridge over space, and to analyse the constituents of the 
great luminary of our system, in spite of its distance of 
nearly, or even more than, 03,000,000 miles. It gives us a 
power, even to hope for which might well have seemed an 
absurdity to the astronomers of any previous generation. 

We have not, however, by any means exhausted our de- 
scription of its marvellous revelations. It not only shows and 
explains to us the dark lines in the ordinaiy spectrum of the 
Sun, bnt on certain rare occasions it enables us to see these 
lines transformed into bright ones, with dark intervals between 
them. 

It will easily be understood from the preceding explanation 
that we ought to be able to see them thus, if we could look at 
the light of the vapours superimposed upon the photosphere 
of the San, apart from the light of the photosphere itself, 
which in general passes through them. Although these 
vapours are at a lower temperature than the light of the 
brilliant layer beneath them, they must be intensely heated, 
and sufficiently luminous to give a bright-line spectrum if 
their light could be seen independently. 

It is therefore very interesting to learn that in 1870 Dr. 
Young, Professor of Astronomy in the college of New Jersey, 
was watching the total eclipse which occurred in December 
of that year, and was looking at the edge of the Sun through 
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a spectroscope just when the dark body of the Moon had 
hidden the last narrow crescent of the light of the photosphere, 
the region immediately above it being therefore visible for two 
or three seconds without that light shining through it. He 
found that when the ordinary light of the solar spectrum had 
just vanished away, its place was instantly taken by a mul- 
titude of fine bright lines. The dark lines by hundreds or 
thousands became instantaneously bright, as by a magical 
transformation, and remained so during the brief interval 
ixjcupied by the Moon's edge in passing over the layer of 
vapours. This layer is in consequence sometimes termed 
Young's layer. 

The same beautiful effect has been noticed in subsequent 
eclipses, and was distinctly seen in that which was recently 
observed by an unusually large number of skilful astronomers 
in America, in July 1878. The average depth of this region 
of the Sun- has been supposed to be very small, measuring 
only 400 or 500, or at any rate less than 1000 miles in thick- 
ness ; in agreement with the very few seconds in which the 
Moon's edge passes over it. If so, it lies so close to the 
photosphere, that it is only by the interposition of the Moon, 
during a total eclipse; that we are able to isolate its light, 
which, at other times, is overpowered by that of the photo- 
sphere.* 

But it is not difficult to understand that, if some of the vapours 
which constitute it rise up, here and there, to a much greater 

* It has, however, been recently suggested by Mr. Lockyor, that more 
accurate obserrations may show a considerable rai'iation between the 
bright- line spectrum which briefly flashes into view during a total eclipse, 
and that which would accurately correspond to a reversal of the dark lines 
in iht3 ordinary solar spectrum. It may be that the above mentioned 
bright-line spectrum partly has its origin in regions lying considerably 
above the so-called reversing layer, and that special peculiarities may 
occur in lines corresponding to those which are seen to exhibit the most 
remarkable changes in the ordinary observation of spots and prominences. 

It appears, from the brief reports of the Eclipse of May 17th, 1882, 
which have arrived while the above is passing through the press, that 
Mr.Lockyer's observations in Egypt, conducted with a special reference 
to this question, have confirmed his above-mentioned suggestion, which 
was put forward upon certain theoretical grounds. 
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distance in safficient. quantity, and at a luminous temperature, it 
may be possible at other times to detect their light with a spec- 
troscope by carefully inspecting the circumference of the Sun 
at a moderate distance from the visible boundary of its disc. 
There will be much brilliant glare of ordinary solar light 
arising from the illumination of the Earth's atmosphere im- 
mediately around the direction in which the Sun is seen, which 
will be greatly in our way. But the principle of the con- 
struction of the spectroscope is such, that, if we increase the 
number of prisms used in it, we may lengthen out the spec- 
trum of that glare more and more, and make it increasingly 
faint. 

At the same time, if we are looking at the light of any mass 
of vapour rising up from the edge of the Sun, the bright lines 
caused by that vapour will not get fainter as we increase our 
battery of prisms, but will only be further separated from one 
another. It is consequently found that when we direct our 
instrument to the neighbourhood of the Sun's apparent edge, 
we can often detect the bright lines belonging to masses of 
vapour rising up from it, or suspended over it. We are thus 
able to view, not only during a total eclipse, but at any time^ 
much of what is going on in regions where it might have been 
supposed that the blinding brilliancy of the adjacent photo- 
spheric light would have for ever utterly baffled our observations. 
The credit of this discovery, which was made in the year 1868, 
is due to Messrs. Janssen and Lockyer. 

It would, however, be a very laborious process to find out 
the shape and boundaries of any such masses of vapour by 
slowly moving the spectroscope about, and noticing exactly 
when the bright lines corresponding to the vapour in question 
might appear or disappear, as the field of view of the instru- 
ment might pass across the vapour at difierent levels in 
succession. By so doing we might, no doubt, obtain some 
such result as is indicated in Fig. VIII., in which a series of 
sweeps in directions parallel to the Sun's edge are supposed to 
be made, and the general shape and extent of the vapour to 
be approximately deduced by the length of the parallel bright 
lines successively seen. For the sake of contrast, the sur- 
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rounding region in this figure is blackened, although it would 
actually, as seen in the instrument, be onl^ somewhat less 
bright than the bright lines themselves. 




Fig. YIII.— Showing how a series Of parallel brisht lines 
seen at different levels may indicate the form of a mass 
of vapour rising above the general surface of the 'Bun. 

But it was most fortunately found by Dr. Huggins {see 
Fig. IX.) that if the slit of the spectroscope be opened wide 
enough to embrace the whole image of such a mass of vapour, a 
coloured figure of the whole of it is formed in the neighbourhood 
of each of the bright lines which the spectrum of any portion 
of it would produce. And these coloured images are sufficiently 
'bright to be seen at all times in an instrument of adequate 
power. It is only necessary, on any given day, to examine all 
round the Sun, just outside the edge of the photosphere, and 
the shape or movements of any such masses of gas or vapour 
as we have described will be visible. Sometimes there are 
many of them ; at other times very few. The following is a 
copy of the original sketch in the Proceedings of the Royal 
Society, made by Dr. Huggins, of the first prominence, or 
protuberant mass of solar vapour, seen by him with a spectro- 
scope having its slit widely-opened on February 13th, 1869. 




Fig. IX.— The first prominence seen by Dr. Hugffins>ith 
a spectroscope having a widely-opened sUt 

The shapes of these prominences arc often most fantastic 
their changes of fonn most rapid, and their movements of 
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enormous magnitude. One of the most remarkable ever seen 
was observed in October, 1880. It rose, from a height of about 
212,000 miles, to the extraordinary elevation of at least 350,000* 
miles in less than half an hour, the average speed with which 
the matter in it was carried upwards during that interval being 
therefore between 4,000 and 6,000 miles per minute, which 
would indicate a probable initial velocity of expulsion from the 
surface of the photosphere of 25,000, or more, miles per minute^ 

In some instances huge masses many thousands of miles in 
breadth, or height, have been seeu to be utterly broken up and 
dispersed into fragments in the course of a few minutes. The most 
elevated are principally composed of hydrogen vapour, the small 
density of which is consistent with the great elevation to which 
they attain. In the accompanying plate are some drawings taken 
from those published in the Memoirs of the Italian Spectro- 
scopical Society. The uppermost represents part of a view of the 
whole circumference of the Sun observed by Professor Tacchini 
at Palermo in 1871, the portion selected including the highest 
prominence then visible, which was of remarkable elevation and 
of extraordinary shape. Some other interesting formations of 
less elevation are also shown. The complete drawing is in 
vol. viii of the above MtmoirSy plate cxi. The next lower view i& 
that of a prominence observed by Tacchini on December 11th, 
1871 (vol. i, plate v). In it a large portion of the prominence 
is seen floating at a considerable elevation above the photo- 
sphere, without any visible connection with it. The lowest 
figure is from vol. i, plate xi, and represents a drawing made 
by the late Father Secchi, at Home, on July 11th, 1872,. 
6h. 20m. p.m. One prominence in it is particularly noticeable. 
It seems to have rushed up at first with enormous violence, 
until its upward velocity having diminished, it was wafted 
along by a horizontal current almost like the smoke from some 
tall factory chimney. 

The spectroscope would at the same time show blue and yellow 
images, exactly corresponding in shape to the red images, and 
situated in those parts of the spectrum in which the blue and 
yellow bright-lines of the prominence-matter are found. The 
red images, being much the most brilliant, are shown in our 
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plate. Out of many hundreds of drawings we have endeavoured 
to select some of the most interesting forms ; but in actual 
observation there seems to be no end to their ever-changing 
variety. 

.Such prominences as these are found to be identical with 
the beautiful rose-coloured appearances which, as we have 
already mentioned, are visible (even to the naked eye) during 
a total eclipse of the Sun. A few observations of them 
made at such times are recorded from the beginning of the 
seventeenth centmy onwards. But it was not until the year 1851 
that Airy, then Astronomer Royal, first pointed out that the 
way in which the Moon's body passed over them, gradually 
uncovering them on one side of the Sun while it gradually 
concealed them on the opposite side, proved undoubtedly that 
they belonged to it, and not to the Moon ; as to which, even 
at so recent a date, considerable doubt existed. In fact, until 
the occurrence of the eclipse of that year comparatively little 
attention had been paid to them. Since that date, however, 
they have been most attentively watched in every total eclipse 
that has taken place, and it has been found that in some 
eclipses those seen have been much larger and more abundant 
than in others. 

Even when they were known to belong to the Sun, it was 
impossible, before the invention of the spectroscope and the 
discovery of the best method of its use, to determine their true 
composition and character, much less to see and watch them 
day by day and hour by hour. Nothing, perhaps, can better 
illustrate the remarks with which we commenced our first 
lecture with regard to the rapidity of recent progress in 
astronomy, than the contrast of our present knowledge of 
these remarkable formations with that of thirty years ago. 

Since their daily observation has been found to be possible it 
has been noticed that they are met with in all latitudes of the 
solar globe. They are, however, most abundant over two zones, 
extending from about 10° to about 20° on either side of the Sun's 
equator, where Sun-spots are also most frequent. But instead of 
being hardly ever met with over the equator, as is the case with 
the spots, they are not much less abundant there than at some 
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PiATB 11. SOLAR PROMINENCES IN 1871 & 1872. 






From the "Memoirs of the Italian Spbci roscopical Society." 
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distance from it. Again, spots are not found beyond a north 
or south latitude of 40°, but the prominences, after diminishing 
very considerably in frequency at a latitude of about 50°, appear 
to renew their frequency as we approach the poles of the Sun. 
These facts are excellently represented in a diagram on pp. 141 
and 200 of Professor Young's treatise upon the Sun, published 
in 1881, in which are shown, on the one side, the comparative 
positions and frequency of the prominences, according to 2767 
observations made by Secchi in the year 1871; while on the 
other side the results of Carrington's observations of 1386 Sun- 
spots between the years 1853 and 1861 are in like manner 
depicted. 

When the rotation of the Sun carries a spot round to its 
edge, it is often noticed that there are prominences connected 
with it, or surrounding it ; but a still more constant connection 
is found to exist between prominences and the locality of 
the bright corrugations of the solar surface called faculas, which 
are not only generally seen to precede the appearance of a spot, 
or to follow its disappearance, but are also found in regions 
lying beyond the two spot-zones, and apparently unconnected 
with any spot. The spectroscope, moreover, from time to time 
gives evidence of the existence of a mass of vapour, such as 
may constitute a prominence, rising up in front of the dark 
background of a spot, even when the spot is far removed from 
the edge of the sun. This is shown as follows. 

It is found that not only is the spectrum of the Solar Light 
generally darkened in the locality of a spot (a proof that dense 
masses of cooler vapour are absorbing and obscuring the light 
of the photosphere), but over special portions of a spot certain 
bright lines are frequently seen to shine out in the particular 
parts of the spectrum to which they belong. They are such as 
would arise from immense and intensely heated masses of those 
vapours which form the prominences. In this way prominences 
may be discovered over, or partly over, spots in any part of 
the spot-zones, although it was at first thought, when the 
spectroscope was applied to the uneclipsed Sun, that the utmost 
that it would accomplish would be to detect their existence 
when they might be seen upon the edge of its disc. 
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We ought, however, to mention an important distinction 
between the constitution of such prominences as are connected 
with spots and of those which occur upon other parts of the 
Sun's surface. The former are generally of an eruptive character, 
and contain, especially in their lower portions, various other 
metallic vapours in addition to that of hydrogen. The latter 
are of a more quiescent and cloud-like nature, and consist 
almost entirely of hydrogen and of one other element (named 
helium)^ whose nature is at present unknown, but which gives 
a bright line in its spectrum near to the yellow lines of sodium. 
They are probably formed either by the gentle (and not eruptive) 
emission of hydrogen from the regions beneath them, or by 
some action which causes masses of gas floating in the solar 
atmosphere to change from a dark to a luminous condition. 

We have made special reference to the connection between 
Sun-spots and prominences, because we believe that an outburst 
of the latter is very frequently the origin of the former. Not 
that a prominence actually breaks out in the exact locality of 
a spot, but rather (as Professor Young has recently suggested) 
that the projection of prominence-matter around a certain 
locality causes a diminution of pressure beneath it. This is 
most likely followed by a falling-in of some of the clouds of the 
photosphere, which may be supposed to consist of more or less 
cooled and condensed matter previously carried up in a gaseous 
form from regions below. Into the cavity currents of rising gas 
and some of the smaller filaments of the photosphere would then 
be drawn, occasionally with a vertical or whirlpool-motion, as 
well as a good deal of the heavier vapours of the neighbouring 
prominence-eruption. There is also, in all probability, a con- 
siderable indraft of matter, so far cooled as to be in a fine state 
of division, which may be somewhat vaguely compared to 
smoke. 

In this way, although there are many difficulties left 
unexplained, and no theory hitherto suggested is really 
satisfactory, we may perhaps obtain a tolerably true idea of 
the nature and origin of a Sun-spot. If so, its beginning 
takes place deep down in the gaseous body of the Sun, where 
some disturbance commences, which probably soon raises a 
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SUN-SPOTS A FACUUE, Apml, 1870. 





W. H. WBSLEY, f^itk. 



SUN-SPOTS, MAY 27 A 28, 1880. 

From th« " Memoirs of the Italian Spbctroscopical Socibtv." 
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group of faculfie upon the photosphere. If it continue^ a fierce 
eruption, or series of eruptions and explosions, next occurs, in 
fiery fury passing all our powers of imagination, and presently, 
as above described, a spot, or group of spots, appears. 

The drawings in Plate III. may serve to illustrate the pre- 
ceding remarks. The first is a general view of the Sun, taken 
from a sketch made by Tacchini at Palermo in April 1870, 
and published in vol. vi. of the Memoirs of the Italian Spectro- 
scopical Society previously referred to. It shows the occurrence 
of faculsB in other parts of the solar surface as well as in the 
two parallel zones on opposite sides of the equator, in which a 
large number of spots of various sizes are seen. 

The other two drawings are elaborated and enlarged from 
those made by Professor Ricc6, at Palermo, of two spots 
observed on May 27th and May 28th, 1880, and published in 
vol. ix. of the above Memoirs. 

They clearly show the dark umbra, or central portion of the 
spot, as well as the surrounding penumbra, or less dark 
portion. An attempt has also been made to indicate the 
way in which the filaments of the photosphere are apparently 
drawn inwards towards the umbra, so that by their convergence 
the lower part of the penumbra is brighter than its upper 
portion. 

Indications may also be seen, in the left-hand and right-hand 
drawings respectively, of the way in which isolated portions of 
the photosphere occasionally float across, or form a bridge over, 
the depression, or (to use Professor Young's graphic term) 
the sink, of which a spot consists. 

Both within the cavity of a Sun-spot and in the prominences, 
the spectroscope enables us, by certain distortions and slight 
changes in the position of the bright lines which it shows, to 
determine the velocity and direction of the motion of some of 
the huge masses of vapour involved. It is in this way, as well 
as by the general appearance of a spot, that we are assured of 
their occasional rotatory movements ; or, to use more popular 
language, that we see in them veritable cyclones of fire. 

We are aware that a theory has recently been suggested that 
some of all this vast turmoil and almost inconceivably rapid 
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movement of huge and intensely heated vaporous masses is 
only apparent, and that the phenomena observed may be chiefly 
of an electrical character, and the light produced somewhat 
similar to that of discharges in vacuum tubes, or of the Aurora 
Borealis. 

There is a certain amount of plausibility in this theory, and 
it is one which should not be lost sight of, especially when we 
remember the undoubted coincidences which have more than 
once been noticed between certain brilliant appearances on the 
disc of the Sun and disturbances of the Earth's electrical 
condition. It may also apply to the formation of some of the 
more quiescent prominences seen at a considerable distance from 
the solar equator, and especially to those which appear from 
ime to time like rose-coloured clouds, without any apparent 
connection with the photosphere beneath. But so far as our 
present knowledge goes, we are decidedly inclined to accept 
the eruptive theory for most of the prominences, and to attri- 
bute a similar origin, as suggested by Secchi and modified 
by Professor Young, to the Sun-spots, although there can be 
little doubt that the phenomena connected both with their 
formation and continuance must also involve violent electric 
action. 

The theory which we have thus attempted to elucidate is in 
one respect exceedingly important, inasmuch as it puts the 
spots before us as evidences of great Solar Disturbance. At 
times when they occur in abundance and of unusual magnitude, 
we are therefore not to consider that, a corresponding portion 
of the Sun being darkened, its light and heat will be upon the 
whole proportionally lessened. We are rather to understand 
that processes of such great disturbance are going on, as may, in 
all probability, intensify the total amount of light and heat 
evolved. 

If this be the case (and there seems little reason to doubt it), 
we are at once led to enquire whether any law of periodicity can 
be detected in the number or size of the spots or prominences. 
If so, it may also be asked, is any corresponding effect produced 
upon the Earth? Our answer to the former of these two 
questions is, that there is from some cause or other an un- 
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doubted approach to regularity in the increase and decrease of 
the phenomena in question ; the average time between two suc- 
cessive maxima being believed to be very nearly 11^ years.* 
It is also noticed that the increase from a minimum to a maxi- 
mum is more rapid than the subsequent decrease to anoth^ 
minimum ; the former division of the period being about two 
years longer than the latter. 

But at present we can only say that the above conclusion 
is that which is indicated by our observations. We cannot in 
any wise profess to explain why it is that this alternate in- 
crease and decrease of disturbance occurs. We also notice 
that, although it is upon the whole tolerably regular in its 
action, there is in connection with it a frequeifA and very 
considerable demotion from oAsohUe regularity. To such an 
extent is this the case, that Professor Wolf states that the 
interval between two successive maxima may be occasion- 
ally as little as 7^, or as much as 16 years. The last minimum, 
which occurred at the end of 1878, or at the beginning of 1879, 
took place about IJ years later than the date which an average 
interval from the previous maximum would have assigned to 
it. The next maximum may be expected to occur near to the 
beginning of the year 1883, unless it should be correspondingly 
delayed. 

In answer to our second question we can state, that there 
seems to be an undoubted connection between one terrestrial 
phenomenon, and the number or size of the spots and pro- 
minences which we have been describing. We refer to the 
magnetic condition of the Earth. Very careful records of the 
daily variation of the declination of the magnetic needle, and 
of the horizontal component of the Earth's magnetic force, 
have been made at Greenwich and elsewhere, and if curves 
drawn to show these daily variations be compared with one 

'"' A period equal to, or very dosely agreeing with, the 11*86 years 
which Jupiter occupies in the circuit of its orbit, has recently been 
suggested by M. Duponchel (see Comptes Rendus^ tome xciii, pp. 827 and 
950) ; but the shorter period mentioned above is that which is generaUy 
accepted, as having been obtained after a very elaborate investigation 
of all accessible records by Professor Wolf of Zurich. He, however, 
considers that the result is doubtful to the extent of about fVths of a year. 
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which represents the total area of Sun-spots day by day 
observed, they are found to be most remarkably similar. Any 
sudden irregularity in one of them is answered by a corre- 
sponding irregularity in the others, although the oscillations 
on the Sun-spot curve may often slightly precede those in the 
magnetic curves. 

In a very important memoir by Mr. W. Ellis, Superintendent 
of the magnetical and meteorological department of the Royal 
Observatory, Greenwich, published in part ii. of the Philo- 
sophical Transactions for 1880, the following conclusions are 
deduced from the observations of the preceding thirty-seven 
years : — 

1. That the diurnal ranges of the magnetic elements of 
declination and horizontal force are subject to a periodical 
variation, the duration of which is equal to that of the known 
eleven year Sun-spot period. 

2. That the epochs of minimum and maximum of magnetic 
and Sun-spot effect are nearly coincident, the magnetic epochs 
on the whole occurring somewhat later than the corresponding 
Sun-spot epochs. The variations of duration in different 
periods appear to be similar for both phenomena. 

3. That the occasional more sudden outbursts of magnetic 
and Sun;^pot energy, extending sometimes over periods of 
several months, appear to occur nearly simultaneously, and 
progress collaterally. 

The close agreement of the three curves shown in a diagram 
for the whole period of thirty-seven years is most interesting. 
We append a reduced copy for the ten years from 1867 to 
1876 inclusive. 

It should be mentioned that the numbers in the scale on 
the right hand correspond to Dr. Wolf's determination of 
those which best represent the relative frequency of the spots, 
observed during the years in question. For the curves B 
and C, twice one of the upper graduations (each of which cor- 
responds to ten of Sun-spot number), or one of the lower 
graduations of double width, is equivalent, respectively, to one 
minute of arc of declination, or 0*003 of the horizontal force. 

As a rule, displays of the Aurora Borealis are found, as 
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might be expected from their electrical character, to be accom- 
panied with disturbances of the Earth's magnetic condition. 
We are not therefore surprised to find that, so far as we can 
judge from our very imperfect records of their occurrence, 
there seems also to be some correspondence between the 
number of Sun-spots observed, and the number of Auroral 
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Fig. X. — The curve a represents tbe Sun-spoi frequency; the 
oarres b and g the variation in the diurnal range of tne magnetic 
declination and horizontal force respectively at the Royal Ob- 
servatory, Greenwich, during the years 1887 to 1876. 

displays.* But we hardly like to speak positively with regard 

® During April 1882 some unusually large spot 3 appeared, three being 
visible to the naked eye, in the middle of the month, at the same time, — a 
most unusual occurrence. During the same period, however, the pro- 
minences seen were but smaU in size, nor were there any deserving 
special notice in the neighbourhood of the great spots. On the other 
hand, faculse were unusuaUy abundant. On the 17th and 20th days of 
the month the Earth was disturbed by violent magnetic storms, which, in 
thi3 instance, may have had a special connection with the outburst of the 
great spots we have referred to, in exact coincidence with one of which 
a^n*^nd auroral display was also observed in America. 
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to any connection existing between Sun-spot frequency and any 
other terrestrial phenomena. Attempts of a somewhat elabo- 
rate character have been made to show that there is a corre- 
spondence between the number of Sun-spots in any given year 
and the amount of rainfall, the occurrence of cyclones and 
wrecks, good and bad vintages or harvests, the average yearly 
temperature, or those commercial panics which certainly have 
occurred in several consecutive instances after an interval of 
ten or eleven years, and which might in any case be reasonably 
expected to follow at a certain distance after a succession of 
unfavourable seasons. 

Our great diflSculty, however, at present, is to form any just 
estimate of the rainfall, or of the weather, of the Earth as 
a whole. Local variations are exceedingly perplexing ; and it 
frequently happens that a particularly hot and dry season in 
one part of the Earth is coincident with one of just the opposite 
character in another quarter of the globe. There is, never- 
theless, good reason to hope that we may in time make such 
progress in the study of meteorology, that comparisons of this 
kind may be more practicable than they now are ; nor can 
there be any doubt that it is most important to maintain 
an unbroken and accurate record of Sun-spots (which may 
probably be best eflTected in some country where the Sun is 
more constantly visible than it is in England), and to compare 
such a record with every possible climatic or magnetic indi- 
cation. We may, by such a comparison, at any moment 
discover some new. law connected with the spots, or some new 
relation existing between them and other phenomena. We 
may, for aught we know, be even now on the very verge of 
such a discovery, and a little more perseverance be all that 
is needed to put it within our grasp. But, as yet, we have no 
positive proof that our seasons are directly affected by them, 
or that we are likely to be able to predict the weather, a few 
weeks or months in advance, by means of their observation. 

There are some other points of interest connected with 
Bun-spots to which we must merely allude. We refer, for 
instance, to the supposed effects produced upon them by the 
relative positions with regard to the Sun, or to one another, of 
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the planets Mercury, Venus, and Jupiter. Or to the possible 
connection between the period of Sun-spot frequency and the 
orbits of certain streams of meteoric bodies round the Sun. It 
has been suggested that such streams may, in those parts 
of their orbits in which from time to time they make their 
nearest approach to it, produce disturbances in the photo- 
sphere, either by their close proximity, or by actual contact 
with it 

We prefer, however, t;0 pass by such questions as these, which 
are for the most part of a decidedly hypothetical nature, in 
order to speak of matters which are far more certain. And in 
so doing, we are very glad to be able to state that photography, 
which has failed to give all the results which had been hoped for 
in connection with the transit of Venus, has gained a triumph sur- 
passing our best expectations in regard to the observation of the 
physical condition of the Sun. It not only secures an instan- 
taneous and permanent record of the Sun-spots of any given 
day and hour, such as for a considerable number of years past 
has been regularly taken at Kew and Greenwich, by means of 
which we can at our leisure measure the area occupied by 
them ; it not only enables us during the brief duration of a 
total eclipse to obtain with great rapidity a series of pictures of 
the solar prominences, and of the other surroundings of the 
Sun, far more beautiful and accurate than could otherwise be 
depicted ; but it has been found possible by M. Janssen, at the 
physical observatory of Meudon, near Paris, to secure photo- 
graphs of the Sun of a size and delicacy far surpassing anything 
previously attempted. 

Some of his first great successes were gained by an exposure 
of the photographic plate, in connection with a telescope 
specially adapted to the purpose, for so short a time as the 
^^^th part of a second. By this means images of the 
Sun, exceeding twelve inches in diameter, were obtained 
without any subsequent enlargement. Of late he has secured 
negatives nearly three feet in diameter, and has occasionally 
used much shorter exposures. The rapidity with which the 
picture is taken, and the absence of any subsequent enlarge- 
ment of the negative, as well as the extreme care used 
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in its development, eflFect a delicacy in the delineation of the 
solar surface which woold be altogether confused and blurred 
by a longer exposure. 

A certain structure of that surface, which had previously 
been noticed or suspected, with powerful telescopes under 
circumstances of very good definition, is most distinctly 
evident in these photographs. They show that compara- 
tively small formations, which have been named Solar 
Granules* are thickly congregated all over it. 

In some parts these are very distinct, and tell us of a region 
where comparative calmness reigns. In other parts they are 
blurred and distorted, and indicate that a fiery storm is raging, 
or that a prominence is bursting forth from the photosphere. 
Their grouping frequently indicates the vortical action of some 
terrific solar cyclone, or tornado. Incessant changes take place 
in their forms and aggregation. What they actually are, we 
cannot, as yet, assert with any certainty. It may be that they 
are like the crests, or summits, of the waves of a fiery sea ; or, 
more probably, condensations of certain matters from uprising 
columnar-shaped currents of vapour ; or that they are in some 
way connected with small prominences or eruptions. But the 
photographs, two small specimens of which may be seen in 
Professor Young's work upon the Sun, and in certain French 
publications, while others upon a much larger scale are to be 
found in vol. ix of the Memoirs of the Italian Spectroscopical 
Society, undoubtedly show that from certain portions of the 
surface, occupying a comparatively moderate amount of the 
whole, we receive a much more intense light than from the 
remainder. It is very possible that we may find the study of 
such photographs, and the indications which they afibrd of the 
general condition of the Sun's surface, to be quite as important 
as the number and size of the spots, or of the larger pro- 
minences previously described. 

Next to those regions of the Sun of which we have so far 
spoken, and with regard to which we have shown that the 
spectroscope has taught us so much, there come in order two 

* Some slight indications of their appearance may be seen around the two 
large Sun-spots in Plate III. 
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Plate IV. 




Woodbury process. 



Total Eclipse of the Sun, 
Dec. 1 2th, 1871. 

From a Drawing made from Negatives taken at Baikul by 
Lord Lindsay's Expedition. 
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successive envelopes or strata, further removed from its centre, 
which are called respectively the inner and the oiUer corona. 
These are only visible during total eclipses. At other times 
their light is not sufficient, either for spectroscopic obser- 
vations, or for those made with a telescope. But during 
the totality of an eclipse, very useful and interestiug 
information may be obtained with regartl to them. It is 
then easily seen that the photosphere is surrounded by a bril- 
liant region, the lower part of which, although more or less 
irregular in its boundary, is somewhat distinctly defined, and 
extends to a height which does not in general exceed 300,000 
miles. The outer portion is much more irregular in its shape, 
and is frequently prolonged, especially in the neighbourhood 
of the Sun's equator, into the form of immense rays or 
streamers, which under favourable circumstances may be 
traced to a distance of at least 10,000,000 of miles. 

We have much pleasure in putting before our readers a re- 
production, by the Woodbury process, of a most beautiful steel 
engraving, published in vol. xli of the Memoirs of the Royal 
Astronomical Society (commonly called the Eclipse Volume), 
which was compiled and edited with extraordinary care by 
Mr. Banyard, late Secretary of the Society. It represents the 
total eclipse of 1871, and is a copy by Mr. Wesley, the very 
able Assistant Secretary of the Royal Astronomical Society, of 
a drawing made from the original negatives photographed 
during the eclipse in connection with Lord Lindsay's expedition 
at Baikul. We know of no view in which a more beautiful 
and interesting amount of detail is depicted in the Sun's 
surroundings. Nothing, however, has been inserted which was 
not visible in at least three of the negatives taken. The 
general effect of the original will be best obtained by holding 
the Woodbury-print between twelve and eighteen inches from 
the eye. 

During an eclipse the spectroscope indicates that the light 
of the corona is partly derived from solid matter, or from 
matter which gives the same kind of spectrum as that which 
is solid ; but that it also consists to a considerable extent of 
luminous gas, a large portion of which appears to arise from 

uiqiTizea dv '^k-j VJ'v^;^^lv^ 



44 THE SUN. 

43ome element which does not, so far as we are at present 
aware, exist upon the Earth. 

It is probable that the Zodiacal Light, which is often faintly 
visible, especially within the tropics, shortly after sunset, or 
shortly before sunrise, and which appears to extend almost, 
if not quite, as far as the Earth's orbit, is another still more 
highly rarefied solar appendage, or outer atmosphere, of a lenti- 
cular shape, inasmuch as it has been traced so near to the 
Sun that it is certain that the long streamers of the corona 
must penetrate it to a considerable distance. 

Interesting speculations have been started with regard to 
the nature of these long streamers or rays of the outer corona. 
Their appearance varies very much in different eclipses. One 
suggestion is, that they may be caused by the elongated orbits 
of swarms of meteoric bodies revolving in near proximity to, 
the Sun. Such groups are known to travel in the orbits of 
certain comets, and to produce the phenomena of shooting 
stars when they become highly heated by friction as they pass 
through the Earth's atmosphere. In the neighbourhood of 
the Sun they are no doubt very abundant, owing to his over- 
whelming power of attraction and aggregation ; and, as they 
pass through the corona, we can understand that portions of 
some of them may remain in an intensely heated state of 
incandescence, while others may be dissipated into luminous 
gas. 

If the above suggestion be accepted, it is also probable that 
a considerable amount of meteorites of various sizes, many 
perhaps vastly larger than any with which terrestrial traditions 
are acquainted, are frequently drawn into the photosphere 
itself, causing thereby a considerable amount of disturbance, 
and possibly to some slight extent acting as fuel for the Sun. 
We believe, however, that some other explanation than the 
above must be sought for the origin of most, if not of all, of 
the long coronal rays and streamers. Possibly they may be 
connected with a repulsive force existing in the Sun, or be 
phenomena of an electrical character, or arise from the same 
cause (whatever it may be) which produces the tails of 
comets. It is very deeply to be regretted that the occasions 
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when we can observe the corona are so few and of such brief 
duration. 

As to what is the actual temperature of the solar photo- 
sphere we can say very little. It has been calculated that les& 
than one two-thousand-millionth part of the heat emitted by 
the Sun reaches the Earth. Its effective emission of heat 
has been variously estimated to be equivalent to a surface 
temperature less than 2000° Centigrade, and rising up to 
5,000,000° Centigrade, — so different have been the conclusions 
at which various investigators of this difficult subject have 
arrived. 

The latest attempt to contrast the Sun's temperature with 
that of any terrestrial source of heat is, we believe, that of the 
American astronomer, Professor Langley. So recently as the 
year 1878, he compared the radiation of heat from the solar 
surface by suitable apparatus with that from the surface of 
a mass of molten liquid 30,000 to 40,000 pounds in weight,, 
and supposed to have a temperature of 1800° to 2000° C- 
(exceeding that of melted platinum), which he watched as it 
issued from the mouth of a Bessemer steel converter. The 
result was that he concluded "the minimum value to be 
assigned to the solar radiation must be more than eighty- 
seven times that from an equal area of the molten metal. 
But he also states that the true value may be indefinitely 
greater." 

This, however, still leaves us without any positive infor- 
mation as to the acttial temperatMre of the general surfece of 
the photosphere, or of different depths within it. We can 
only conclude that it must greatly surpass any degree of heat 
witii which we can experiment in our laboratories ; and that 
there is no a priori improbability in the supposition, previously 
referred to, that it may be sufficiently high to resolve into a more 
elementary atomic state, or into different molecular combina- 
tions, some bodies, which, at the temperatures attainable upon 
the Earth, have been hitherto considered to be elementary. At 
any rate, it cannot be denied that in regard to the effects of great 
pressure, or of intensity of temperature, a vast field of spectro- 
scopic research, as yet but slightly invaded, lies open to the 
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student. It has also, we believe, been recently suggested that 
by collecting the heat of the Sun in huge reflectors, and bring- 
ing it to bear in enclosed chambers upon so-called elementary 
substances, results may possibly be produced similar to those 
which occur in the enormously heated regions of the Sun 
itself. 

Another very important and most interesting subject for 
investigation is the means by which the Sun's heat is prevented 
from diminishing at a much more rapid rate than we find to be 
the case. Of its very slow diminution we feel no doubt, but the 
solar radiation is so enormous as to indicate that the loss of much 
of the heat given oflF must in some way be compensated.* Our 
space only permits us to remark, that those who believe in the 
existence of very long past geological periods have found a 
difficulty in imagining the original temperature of the Sun to 
have been sufficiently high to provide for the cooling which 
must in the meantime have taken place. Even if we make 
allowance for the greatest imaginable supply of meteoric, or 

* Since the above was written, Dr. Siemens has suggested, in a paper 
read before the Royal Society, a new theory of solar radiation and action, 
according to which aqueous vapour and carbon compounds are constantly 
being thrown off from the Sun's equatorial parts by the centrifugal effect 
of its rotation, and (if we understand him rightly) are supposed to be as 
constantly drawn in again by currents tending to its poles, after having 
travelled to vast distances, and while there, in a very attenuated state, 
having been dissociated by the solar heat radiated into space. He terms 
this outdraft and indraft a fan-like action of the Sun's rotation, and con- 
siders that on approaching it again the gases would become condensed and 
heated, and burst into flame on entering the photosphere; while after a 
time the products of their combustion would be once more ejected from 
its equator. In this way very much of the heat radiated would be 
continuously regenerated, and the loss of that which does work upon 
the planets, and would not be so regained, would be very small. We 
do not venture to criticize this theory, although it certainly seems to us 
to involve some important dynamical as well as other difficulties. It wiU 
certainly need much consideration before its true bearing upon the 
question of the maintenance of the Sun's heat can be adequately 
weighed. Our readers who wish to study it may consult the Proceedings 
of the Royal Society; also an article in Nature of March 9th, 1882, which 
is illustrated by a very suggestive diagram ; and a fuller article in the 
Nitieteeiith Century magazine of April, 1882. 
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other, fael, it seems to some who have carefully considered this 
question to be impossible for the existing temperature to have 
remained as high as it is, unless at some past time our Sun has 
collided with another Sun. If so, the two bodies might not 
only have coalesced into one, but the united mass would have 
been raised' by the collision to an almost inconceivable degree 
of heat. On the other hand, it has been lately suggested that if 
the Nebular theory of the Solar System be received, the gradual 
shrinking of the Sun from the dimensions of the original 
nebula may have generated a far greater amount of heat than 
has been considered possible, because this shrinkage may be 
far greater than is generally supposed. There may be, far 
within the &exj photosphere which bounds our view, a com- 
paratively small and denser nucleus — ^a nucleus not seen, as 
was once supposed, through the apertures of Sun-spots, but far 
beneath the lowest vaporous depth that we can fathom. On 
the other hand, some of the greatest authorities on physics 
maintain that the Sun must be vaporous and of comparatively 
light density throughout. 

Such questions are of the deepest interest. They are con- 
nected with some of the most important problems that the 
astronomer or the geologist can attack. They bear upon the 
future of our system, its stability, its endurance, or its japid 
decay. They may be as yet little removed from the domain of 
pure hypothesis, but they must not be lightly put on one side. 
It is by further developments in the use of the spectroscope, 
especially in connection with the study of Molecular Physics, 
that we hope we may be able to solve the mysteries of the 
present temperature of the Sun, and of the other so-called 
fixed stars. If we can do this, we may also be better able to 
judge of what their past has been, of what their present is, 
of what their fixture may be. 

Our discussion of the Sun has necessarily been very super- 
ficial. We have, as it were, merely hovered around it, to take 
a brief glance into a few of its marvels. What we have seen 
may, however, have sufficed to show that there is in the Sun 
subject-matter for the study of many a lifetime, — mysteries 
and wonders of never-ceasing interest — which, while they bid 
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US look beyond themselves to the Power that made them, may- 
well allow us to exclaim with Southey : — 

^^ I marvel not, O Sun ! that unto thee 

In adoration man should bow the knee, 
And pour the prayer of mingled awe and love ; 

For, like a god thou art, and on thy way 

Of glory sheddest, with benignant ray, 
Beauty, and life, and joyanoe from above.*' 
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Photograph of the Moon, 

From Ruthbrfurd's original negative, 
of March 6, 1865. 
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•* How like a queen comes forth the lovely moon . . 

From the slow-opening cartains of the clouds ; 
Walking in beauty to her midnight throne I " 

Croly. 

Thb Moon, although by no means important in size, in some 
respects surpasses in interest every other heavenly body. In 
the soft, mellow light of a moonlit summer's evening there 
is a fascination peculiar and almost indescribable. In the 
principal shadings upon its disc visible to the naked eye we 
see the origin of the myth of the old Man and his bundle of 
sticks, which is diffused through nearly every savage as well 
as every civilized nation ; in the wondrous scene of valley and 
mountain, of landslip and crag, of cleft and crater, exhibited 
in our telescopes, we behold details which would be altogether 
invisible at the vastly greater distance of the nearest of the 
planets; in the accurate determination of its exceedingly com- 
plicated orbit, and of the many irregularities of its motion, 
the most accomplished mathematician may tax his utmost 
skill ; while in its ever-recurring phases, in its tidal action, 
in its imagined power over the weather, as well as in other 
respects too numerous to mention, the Moon is closely con- 
nected with the events and business of everyday life. Surely 
we may assume that our readers will join us in feeling a 
special interest in its study. 

That study may be most conveniently divided into two parts ; 
the one connected with the theory of the lunar orbit, the other 
involving the physical observation of the lunar surface. Of 

uigiTizea oy x—jOOv Lv^ 



50 THE MOON. 

these, the former, although of less popular interest, is in other 
respects of at least equal importance. 

The determination of the Moon's orbit, and the investigations 
connected with the estimation of its size and weight, and of 
the tidal eflFects which it produces, are necessarily of a mathe- 
matical character ; and consequently (apart from their own 
intrinsic value) are of great benefit as a mental exercise to 
those who study them. On the other hand, the physical 
observation of the Moon's surface suggests many considerations 
as to its past history, and the relation of that history to the 
past and the future of the whole Solar System, which are of 
the highest interest. We will therefore endeavour duly to 
apportion our remarks between these two branches of lunar 
study. At the same time we must ask the kind indulgence of 
those of our readers who may find the first and more abstruse 
portion of our subject less interesting than the second. 

As in the case of the Sun, so in that of the Moon, the first 
thing to be determined is its distance from the Earth. And, 
fortunately, that distance is so much less than the Sun's that 
we are able to employ the surveying method of observation, 
explained in Lecture I., pages 2 and 3. In actual practice, the 
application of the method involves many refinements which 
are necessary in order that its use may be satisfactory. But 
the principle of the surveying method is independent of all 
such refinements. It simply depends upon the determina- 
tion of the difference of the directions in which two places of 
observation upon the Earth look at the Moon at any given 
instant. Their distance from one another being known, the 
calculation of the Moon's distance from either of them is 
reduced to an ordinary problem in trigonometry. And the 
distance of the Moon from the Earth's centre may then be 
found with equal facility. By the employment of observations 
made at. such localities as Greenwich and the Cape of Good 
Hope, the mean distance between the centres of the Earth and 
of the Moon is proved to be about 239,000 miles. This is a 
fact with which, in these days of widespread education, we 
may perhaps assume that most persons are well acquainted. 
But it is much less generally known how greatly this distance 
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varies from its mean value, or, in other words, how much the 
Moon's orbit, relatively to the Earth, differs from a circle. 

In fact, the greatest and least possible distances of the Moon 
from the Earth are abont 253,000 and 222,000 miles ; the 
difference amounting to about 31,000 miles, or to nearly yth 
part of the least distance. 

The Moon's actual orbit is so intricate that we will not 
attempt to explain any of the various perturbations by which 
it is affected. They chiefly arise from the difference between 
the magnitude and direction of the Sun's attractions upon the 
Moon and upon the Earth; which difference again depends, not 
only upon the form which the Moon's path would have, if 
unperturbed, and the Moon's ever-changing position relatively 
to the Earth, but also upon the deviation of the Earth's own 
orbit from a circular form, and the inclination of the Moon's 
orbit to it. Subsidiary perturbations moreover result from those 
which may be termed primary, while some arise from the 
attraction of the planets and other causes. If the Sun and 
planets did not exist, the Moon's path relatively to the Earth 
would be an ellipse, in which the greatest distance would be 
about Jth part greater than the least distance. When, however, 
the perturbations are allowed for, the fraction approaches the 
value |th, as above stated. 

One interesting result which of necessity follows from any 
change in the Moon's distance from the Earth is a corre- 
sponding change in its apparent size. The angle subtended 
by its diameter at an observer's eye (or at the Earth's centre), 
will very nearly vary inversely as its distance. The apparent 
width of the disc may therefore sometimes be a ^^th part 
greater than at other times. 

But its apparent area may vary to a much more important 
extent. At one time it may be represented by the square of 
the number 7,* i.e. by 49 ; at another time it may correspond 
nearly to the square of 8, which is 64. These numbers, 49 
and 64, being almost in the ratio of 3 to 4, it follows that on 
some occasions the apparent area of the Moon's disc may be 
nearly ^rd part larger than on others. Its full phase never 
exactly occurs when it is at its greatest and least possible 
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distances from us, but the increase of its light at such times 
may approximate within a moderate amount of the above ratio. 
An especial proximity of the Moon to the Earth may occa- 
sionally have helped to produce an increase in its light, which 
some of our readers may have altogether attributed to the clear- 
ness of the night, or to the Moon's elevation above the horizon. 

The Moon's average distance from the Earth is about roTr^b 
part of that of the Sun (more accurately, about ^^ Jiyth). Its 
apparent size is, however, always nearly the same as that of 
the Sun, although it may occasionally appear to be rather 
smaller, instead of, as in general, slightly larger than the great 
globe whose light it reflects. It therefore follows that its 
diameter cannot differ much from ^vxyth part of the Sun's 
diameter of about 865,000 miles, in order that the difference in 
their real sizes may be so nearly compensated by the difference 
in their distances. The most accurate calculations give about 
fths of a mile less than 2160 miles as the value of the Moou'k 
diameter. 

The Earth's diameter being rather more than 7,900 miles, 
the Moon's is therefore rather less than iths of that of the 
Earth. And, the surface and volume of a globe respectively 
varying as the square and cube of the diameter, a little 
arithmetical calculation shows (by squaring and cubing the 
above fractions) that the Moon's surface is somewhat less 
than tV ^hs> ^^d its volume somewhat less than ^f ^rds of the 
surface and volume of the Earth respectively. More accurate 
values are found to be between yV^h and y^^^th for the surface, 
and about :jV**^ ^^r the volume. The fractions i, ^w, -^^ * are 
easy to remember, and sufficiently accurate for all ordinary 
puq>08es. 

The Moon's mean density is generally stated to be about 
Iths of that of the Earth, or about 3§ times that of water. 
There is, however, a considerable amount of vagueness involved 
in making any such statements as to the densities of the 
heavenly bodies. If, for instance, we speak of the Earth's 

♦ These are suggested by Mr. Proctor, in his valuable work upon the 
Moon, in which the various methods of obtaining its weight, which we 
shall presently mention in this Lecture, will be found more fully explained. 
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meaa density as approaching six times that of water, we mean 
that a globe of the size of the Earth, if solid j and of uniform 
composition throughout^ would have to be made of some 
substance nearly six times as heavy as water, in order to be 
of the same weight as the Earth. But we cannot be at all 
certain that the earth is solid throughout^ there being many 
reasons in favour of a contrary supposition. We are, moreover, 
sujce that it is not composed of materials of uniform density. 

It is consequently more advisable, in an elementary dis- 
cussion such as the present, to speak of the weight of the 
Moon as a whole, independently of any consideration as to its 
solidity or uniformity of constitution, rather than to attempt 
to compare its mean density with that of the earth or of 
water. 

Let us therefore now proceed to notice some of the principal 
ways in which the Moon may be weighed, all of which we 
shall find agree in proving that its weight is to that of the 
Earth in the proportion of about 1 to 81. 

One method of investigation which has been successfully 
used depends upon the fact, to which we have already briefly 
alluded, that, if two bodies suspended in space, as are the Earth 
and the Moon, mutually attract one another, the smaller will 
not simply revolve round the larger, but both will revolve 
round the common centre of gravity of the two. If one be 
much larger than the other, this centre of gravity will be 
much nearer to that one, and may even be within its surface. 
Indeed, in the actual case of the Earth and the Moon, the 
point in question is situated at a distance of only about 3,000 
miles from the Earth's centre, ue. about 1,000 miles within its 
surface. 

Moreover, two such bodies will revolve as if attracted by a 
mass placed at the above point equal to the sum of their 
masses. These statements depend upon an elementary but 
very important theorem in dynamics. Keeping it in mind, 
we watch the Moon's movements. We neglect that part of its 
motion which it has in common with the Earth around the 
Sun; and, as accurately as we can, we allow for any com- 
paratively slight difference between the Sun's attractions upon 
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it and upon the Earth. The rest of the Moon's motion may 
be described as that which it has in its apparent path round 
the Earth. We therefore observe how long it takes to circuit 
once round our globe., in the course of what is termed a sidereal 
month. Then, as we are already supposed to know its distance 
from the Earth, we can, from the above duration of its circuit, 
not only calculate the corresponding velocity of its movement, 
but also estimate with what power it must, at each moment 
of its course round the Earth, be drawn by some force or other 
out of a rectilineal path into one having the curvature necessary 
to carry it round at the distance in question. 

The theorem, however, which we have mentioned teaches us 
that this curvature will be such as the attraction of a mass (or 
weight) equal to the sum of those of the Earth and Moon would 
effect ; and we know the Earth's weight, and how much of this 
effect it would by itself produce. The additional effect which 
is observed consequently enables us to discover what proportion 
the Moon's weight bears to that of the Earth. A good many 
precautions are necessary in the practical application of this 
method ; the final result is, however, very satisfactory. 

Another investigation depends upon a monthly motion of the 
Earth about the common centre of gravity of itself and the 
Moon, which is also involved in the theorem to which we have 
already referred. This movement of the Earth causes it to be 
alternately slightly more or less advanced in its annual path 
round the Sun at intervals of half a lunation, than otherwise 
would be the case. From careful observations of the consequent 
alteration in the direction in which we look at the Sun at such 
times we are able to judge how far the Earth is in this way 
moved. Or instead of observing the effect produced upon the 
direction in which we look at the Sun, we may note the much 
greater effect which (owing to the greater nearness of the 
planet) the movement in question will have upon the apparent 
direction in which we see Venus, at times when it is especially 
near to the Earth. 

In either case we find an effect produced which shows that 
the Earth is displaced by a distance, roughly speaking, equal 
to about -^^"oA part of its distance from the Moon. It follows 
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that the centre of gravity of the Earth and the Moon divides 
the line joining them into two portions, which are approxi- 
mately as the numbers 1 and 81, or that the Earth's weight 
is aboat 81 times that of the Moon. 

A third method, the explanation of which is too complicated 
for our present discussion, is related to certain effects of the 
Moon's attraction upon the protuberant matter of the Earth's 
equatoreal regions, which depend upon the inclination of her 
orbit to the equator. These effects produce periodic nutations, 
or variations, in what is termed the precessional motion of the 
Earth's axis, from the amount of which nutations the value of 
the Moon's weight may be obtained. 

A fourth method, more simple, although by no means so 
accurate, depends upon the determination, as the result of 
long-continued observations, of the mean heights of spring 
and neap tides in the open ocean, where they are unaffected 
by local causes. It is found that the average heights of such 
tides are nearly in the ratio of the numbers 41 and 15. 
From this it results that the Sun's power to produce a tide 
must be to the Moon's as 28 to 13 ; their effect, when they 
act jointly, and cause what is termed a spring tide, being repre- 
sented by the sum of these numbers, or 41 ; and their effect 
in a neap tide, when they are opposed, being represented by 
their diffei'ence, which is 15. But a simple deduction from 
the law of gravity requires that these effects must also be in 
the ratio of the weights of the Sun and Moon divided by the 
cubes of their respective distances. These distances being 
assumed to be known, a by no means difficult calculation* 

* The calculation involved may be very roughly indicated as follows: — 
The Moon's tidal power is to the Sun's* 

_Mooii*» weiflrht • . Snn'g w eight 

Moon'B diAtance cubed. Sun's distance cubed. 

Bnt the Snn's distance from the Earth is abont 390 times the Moon's, 
which number cnbed equals very nearly 60,000,000. The two tidal 
powers being found by observation to be as 28 to 13, it follows that the 
Sun's weight must be 60,000,000 times Hths of the Moon's weight, i.e., 
rather less than 28,000,000 times. But the Sun's weight is known to be 
about 330,000 times the Earth's. Dividing 28,000,000 by 330,000 the 
Earth's weight comes out about 85 times the Moon's, a result not very 
different from the true value. 
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gi^s about ^ as the fraction which the Mood'b weight is of 
that of the Earth, 

By such various processes^ the results of which agree so 
very satisfactorily, is this important and interesting value 
determined, so that we are able to state with the greatest 
possible certainty that the Earth's weight is almost exactly 
81| times that of the Moon, We may, on another occasion, 
attempt to show that we are even able to achieve the wondrous 
feat of weighing some of the fixed stars, notwithstanding their 
almost inconceivable distance from us. At present let it suffice 
to have explained that there are several independent methods 
by which we can weigh the nearest of the heavenly bodies, 
albeit even that one, comparatively near as it is, is separated 
from us by an interval which never falls short of 220,000 
miles. 

Thus far we have spoken of the Moon's distance from the 
Earth and of its weight, and have only incidentally assumed 
that it is the Earth's satellite, accompanying it in its annual 
journey round the Sun. Our next attempt shall be to form a 
somewhat more accurate conception of the Moon's actual path 
in space, while month by month it appears to us to circle round 
the Earth in the opposite direction to that in which the hands 
of a watch go round when we look at its face, or with a 
rotation which is termed from west to edsty and which 
corresponds in its direction with that of the Earth on its 
axis, and of the Earth and all the other planets in their orbits 
round the Sun. 

That this is the case may easily be seen, notwithstanding 
that the axial rotation of the Earth from west to east 
introduces some little difficulty into the observation by 
making the Sun, Moon, and stars all apparently go round 
the sky from east to west in rather less than twenty-four hours. 
For if the Moon, while so appearing by this latter effect to 
move from east to west, be carefully watched, it will be 
noticed that it is at the same time actually travelling from 
west to east amongst the stars with a speed which is of no 
small magnitude. If it be seen to be at a certain distance east 
of some bright star at a given hour, one hour afterwards it will 
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be further to the east of the star by rather more than its own 
diameter ; in two hours by more than twice its own diameter^ 
and so on ; and this rate of motion takes it once round the 
heavens from west to east in about 27^ days. 

The Moon's mean distance from the Earth being rather less 
than 240,000 miles, and the circumference of a circle of that 
radius being about 1,500,000 miles, it follows that its average 
speed in journeying round the Earth must be at the rate of 
rather under 55,000 miles per day, or of about 2,280 miles per 
hour. But the Earth itself is all the while revolving round the 
Sun, with a speed of about 66,000 miles per hour. In order to 
keep in close attendance upon it, the Moon must therefore, in 
addition to its above-mentioned velocity round the Earth, also 
possess a velocity equal to that of the Earth round the Sun. 

The Moon's motion is consequently compounded of two 
velocities ; one of about 66,000 miles per hour round the Sun; 
the other of about 2,280 miles per hour round the Earth. 

We are at once struck with the vastly greater magnitude 
of the former. It shows that, so far as regards its position 
in space at any given time, the Moon's motion round the 
Sun is much more important than its motion round the 
Earth. We are consequently led to enquire whether the Sun 
or the Earth exerts the greater influence on the Moon. And 
a little calculation will show, in opposition to what might at 
first sight have seemed probable, that the Sun has more than 
twice as much effect as the Earth in attracting the Moon. 

The weight of the Sun is about 330,000 times that of the 
Earth ; but its distance from the Earth being about 390 times 
- as great as that of the Moon, its attractive effect is thereby 
proportionally diminished, the diminution depending upon the 
square of the distance. If we square the number 390 the 
result is 152,100. It consequently follows that instead of the 
Sun's power over the Moon being 330,000 times that of the 
Earth, we must, in order to get the tme value, divide this 
number by 152,100. The quotient is 2 and a fraction, which 
proves that the Sun's power over the Moon is after all more 
than twice as great as that of the Earth. 

In either case the power exerted bends the MoOn's path 
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from the straight line, or tangent^ along which, if left alone, it 
woold at any moment proceed, into the curve in which it 
actually moves. The power of the Sun to produce this effect 
enables it to pull the Moon away from such a straight line 
towards itself in each successive second of time, through a 
distance equal to about -nnnr^^s (or nearly A^hs) of an inch. 
In one minute the effect would not be 60 times as great, but, 
according to the law which holds in such cases, 60 times 60, or 
3,600 times ; so that the pull of the Sun upon the Moon would 
in one minute deflect it from a rectilineal path through a 
distance of about 35 feet. The Sun is of course constantly 
exerting a similar power upon the Earth, and curving its orbit 
almost exactly to the same extent. But as far as the Earth's 
attraction upon the Moon is concerned, apart from that of the 
Sun, the orbit of the Moon round the Earth is only curved so 
much as to draw it towards the Earth out of motion in a 
straight line to a distance equal to about T^^ths (or about 
^Vths) of an inch per second, or about 16J feet in a minute. 

Remembering this, let us first of all consider the circum- 
stances of the Moon's motion when it is in the position of 
New Moon. Let the Moon be situated at m (Fig. XI.), which 




Fig. XI.— Showing how the attractions of the Sun and of the Earth respectively 
carve the orbit of the Moon. 

we may, for simplicity, imagine to be exactly in the straight 
line, BS, joining the Earth (which is supposed to be in the 
direction mb) and the Sun (which is supposed to be in the 
direction Ms). The Moon has, as we have explained, a velocity 
of about 66,000 miles per hour from west to east round the 
Sun. In one minute it would consequently move from m to r, 
in a direction perpendicular to ms, through a distance of about 
1,100 miles, if no attraction of the Sun or Earth continued to 
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act upon it. But we have stated that the Moon has also a 
velocity of about 2,280 miles per hour from west to east round 
the Earth. As m is on the opposite side of the Earth to that 
which it occupies with regard to the Sun, it is easy to see that 
its rotation from west to east round the Earth will not carry it 
from M towards f, but towards q, in exactly the opposite direc- 
tion, through a distance of about 38 miles in a minute. The 
combined result is a motion equal to the difference of these 
two, or of about 1062 miles in a minute towards f. Let this 
distance be mp. During this minute, however, the Earth's 
attraction would, as we have mentioned, bend the Moon's path 
towards itself (i.e. in a direction approximately parallel to mb), 
through a distance of about 16^ feet. Let this be pr. Then r 
will represent the position which the Moon would have at the 
end of a minute after leaving m, on the supposition that tbe 
Sun's attraction were not acting upon it. 

But the Sun would curve the path in the opposite direction, 
and with more than double power, so as to draw the Moon 
towards itself, through about 35 feet in the minute of which 
we are speaking. We therefore measure rn equal to 35 feet, 
and N will be very approximately the real place to which the 
Moon will attain. 

The Earth will in the meantime have moved onwards, so as to 
be still within its proper distance of about 240,000 miles from 
the Moon; but this is not important as regards our present 
explanation. The essential point which is involved is this, 
that although in the diagram the lengths of rp and pn are 
necessarily inmiensely exaggerated, and em and ms are drawn 
very much shorter than they really are, the concavity of the 
Moon's path from m to n will clearly be turned towards the Sun. 

And if this is the case when the Moon is New, the truth of 
the statement, which we may now make, that the Moon's path 
is always concave to the Sun, may be easily realized. For 
under no other circumstances will the Earth tend to draw it so 
directly /rom the Sun as in the case we have just considered. 
At the time of Full Moon it will, in fact, draw it directly 
towards the Sun^ and make the concavity of its path towards 
that luminary so much the more pronounced. In other 
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positions the effect of the Earth's attraction will be of an 
intermediate character. The position of New Moon is the 
critical one, and if the path is then (as we have proved to be 
the case) concave towards the Sun, it must always be so. 

The orbit of the Moon round the Earth is indeed so small 
compared with that of the Earth round the Sun, that we may 
even speak of them as both going round together very nearly 
in the same orbit, — the Earth at a mean distance of about 
93,000,000 miles and with a speed of about 66,000 miles per 
hour, — the Moon with a speed which is, periodically, about 2,300 
miles greater or less than the Earth's, and varies from about 
64,000 to 68,000 miles per hour; while its distance alternately 
exceeds or falls short of that of the Earth by about a quarter 
of a million of miles. This variation of distance is, however, 
BO small in comparison with the radius of the Earth's orbit, 
that it is nlmost Impossible. to represent it upon any scale with 
which a diagram can conveniently be drawn. It is a compara- 
tively trifling quantity in contrast with the changes to which 
that radius is itself subject in the course of a year, as the result 
of the ovalness of the Earth's orbit, by which in midwinter of 
our northern hemisphere we find ourselves about 3,000,000 
miles nearer to the Sun than we are in midsummer. 

To those who may find some difficulty in realizing how the 
Moon can really go round and round the Earth month by 
month while it is all the time moving in an orbit round the 
Sun, which, like that of the Earth, is always concave to it, an 
additional diagram may perhaps be of use. Let Mi, m^, Mg, M4, m^ 
in Fig. XII. represent the Moon's orbit ; e^, b^, £3, E4, E5 that of 
the Earth. When the Earth is at e^ let us suppose the Moon 
to be at Ml ; when the Earth is at Bj, Ej, b^, E5 respectively, let 
the corresponding places of the Moon be Mj, M3, M4, M5. At m^ 
the Moon will be New ; at m^ and Ms it will be Full ; the 
portion of its path which we have drawn corresponding to an 
interval of a month.* The curves are intended to represent 
the adjacent orbits of the Earth and Moon, both being concave 

* The month in question is termed a sjrodic month, and exceeds 
a sidereal month (or the interval in which the Moon performs one circuit 
round the Earth) by rather more than 21 days. It may be seen from 
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to the San, and iu comparison with its immense distance, close 
to one another. Then it may be understood that at Mi the Moon 
will be moving onwards faster than the Earth, and will keep 




Fig. XU. — tihowlnff how the Moon's oroit is always concave to the Sun. 

in advance of it until, half-way between the time of Full and 
New Moon, they occupy the relative positions M2 and Eg. 
After this, the Moon's speed will gradually fall more and more 
short of that of the Earth, and the Earth will gain upon it 
until, at the occurrence of New Moon, their places are M3 and 
E3. The Earth next keeps in advance, although the Moon's 
speed is gradually augmenting, until, after the lapse of another 
quarter of a lunation, they are to be found respectively at M4 
and E4. Once more the Moon will gain upon the Earth until 
at the next Full Moon their positions are M5 and E5. During 
the middle half of the month the Moon's 
path is seen to be farther away than the 
Earth's from the Sun ; during the other 
two quartere it lies within it. 

A subsidiary diagram, Fig. XIII., drawn 
upon a larger scale, shows that an observer 
upon the Earth would at first see the Moon 
in the direction eMj, presently in the direc- fik. xiii.— The apparent 

. . , • / 1 . X xT_ 1 P*^^ o^ ^b® Moon seen 

tion Eki (corresponding to the places E2 from the Earth. 

and Mj in Fig. XII.), next in the direction EM3, then in the 

Figures XII. and XIII. that the Moon ha^ to describe this additional 
portion of another revolution between bein^ twice in succession Full or 
New, in conriequence of the onward motion of the Earth around the 
Sun. 
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direction EM4, and so on. Although, therefore, its orbit roun^ 
the Sun is, as we have stated, nearly the same as that of 
the Earth, it is abundantly evident that the Moon will appear 
to an observer on the Earth to travel round and round the 
latter month by month. 

We have endeavoured to elucidate this point somewhat fully, 
not only because the mental effort needed to comprehend it 
may, we hope, be useful to some of our readers, but because it 
may assist them in realizing the vast scale upon which the Solar 
System is constructed, by showing how insignificant a matter 
the Moon's orbit round the Earth really is. The point is, 
moreover, one which is insufficiently explained in some astro- 
nomical text-books, in which diagrams resembling Fig. XIY. 
have been used to represent the paths of the Earth and of the 
Moon. We would fain hope that those who have perused the 




Fij;. XIV.— False representation of the Moon's orbit. 

preceding explanation will henceforth understand how much 
the real orbit of the Moon differs from any such wavy curve. 

We may sum up the conclusions to which we have so far 
attained by stating that the Moon, in regard to the Earth, may 
be termed its Satellite or attendant ; but in regard to the Sun, 
it should rather be termed a Planet, its orbit round the Sun 
being so little changed by the Earth's attraction that it always 
remains concave to that great central luminary, like that of the 
Earth itself, although the degree of concavity is slightly less 
than in the Earth's orbit when the Moon is New, and greater 
when it is Full. The very slight difference in the two orbits 
also involves the fact that the Sun attracts them both with 
nearly the same power, and that consequently the Moon does 
not desert the Earth, altliough the Sun's power over it is more 
than twice as great as that of the Earth. It could, indeed, only 
do so, if at any time the difercnce between the Sun's power over 
it and over the Earth were greater than the Earth's attitiction 
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upon it. Bat this difference being always very small, the 
two keep in near proximity to each other while they pursue 
their respective paths around the. Sun. Even if the Earth 
ceased to exist, the Moon's orbit round the Sun would continue 
to be very little different from what it now is; nor would the 
Moon, in that respect, much feel the absence of its larger 
companion. 

We must now pass on from the theory of the Moon'a 
movements to that of its Phases and Librations, We are 
all accustomed to the regular course of the former as, month 
by month, we watch the alternate waxing and waning of the 
full circular disc from the narrow crescent, seen two* or three 
days after the Moon is New, whose delicate beauty almost 
tempts us to exclaim : — 

*^ I would that aspect nerer might be changed, 

Nor that fine form, so spirit-like, be spoiled 

With fuUer Ught. 

Keep the delicious honour of thy youth, 

Sweet sister of the Sun, more beauteous thou 

Than he sublime I " 

But the explanation of these Phases is not a very simple 
matter, unless certain mathematical propositions can be 
assumed or certain experimental demonstrations be given. 
It is easy enough to understand that one-half of the Moon's 
surface is always illuminated by the Sun, and that the whole of 
that illuminated half is seen at the time of Full Moon, while 
the dark half is turned towards us at the time of New Moon. 
The next point to be realized involves, however, slightly more 
difficulty, viz., that when we look at the illuminated hemisphere 
of the Full Moon, the appearance presented, owing to its * 
distance from us, is not that of a hemisphere, but that of a 
flat, circular disc, which is, in mathematical language^ the 
projection of the hemisphere upon a plane perpendicular to 
the line of sight. 

But to come to something still less easy, let us suppose 
that just one-half of the hemisphere, which we see, is 
illuminated. The boundary between the light and dark parts 
seen will in this case be a circle passing half-way round the 
spherical surface of the Moon. But, as the whole hemisphere 
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previously appeared like a flat circular disc^ we sliall in like 
manner now see the half of it, as though it were bounded by a 
straight line passing through the centre of that disc. In other 
words, the bounding edge of the bright portion when the 
Phase is half-full, which is really a semi-circle passing half- 
way round the Moon, will louk like a straight line, because we 




Fig. XV.— Moon ftill. Moon half-full. 

are unable to realize the protuberance of the central portions 
of its globe towards us. What we see consequently appears, as 
in Fig. XV., to be one-half of a circle, although it is really one- 
Jialf of a hemisphere. 

Perhaps the following perspective drawing may help to 
illustrate this still more clearly. Let pmnq in Fig. XVI. 



4< 




Fig. XVI.— One-fourth of the Moon's spherica surface is seen from 
the Earth as a flat semi-circle. 

represent in perspective that half of the Moon's surface which is 
supposed to be seen illuminated. An eye at e, looking along e n 
towards o, the Moon's centre, is unable to judge of the small 
difference between the distances ep, en, eq, and, the semi- 
circle PNQ consequently appearing as ii' it were projected into 
the straight line poq, the illuminated half-hemisphere pmnq 
is seen as the semicircle poqm. 
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It* we next suppose the Moon, after having been reduced from 
Full, half-way towards being New, to continue to approach 
nearer and nearer to the latter position, one boundary, pmq, 
of the enlightened part will remain unaltered, while the other, 
PNQ, will always be a semi-circle on the Moon's surface 
passing through p and q. But pnq will be gradually turned 
more and more away from our line of sight, and will draw 
nearer and nearer to pmq. As it does so it will necessarily 
appear to form a curve, on the disc of which we have previously 
spoken, which will always pass through p to Q, but will 
gradually change from the straight line poq, first having the 
form of a very much flattened ellipse, then of one more curved, 
and 80 on; until at last, just before New Moon, it will nearly 
coincide with the circle pmq. 

The appearances will, in succession, be such as are shown in 




Fig. XVII.— Phasofl of the Moon. 

the drawing in Fig. XVII., t^ken in order from left to right. 
The same drawings, taken from right to left, may illustrate the 
increase of the phase of a New Moon, during the first quarter 
of a month. A similar explanation will also account for the 
appearances which the Moon presents when it is more than 
half foil, during which time it is technically said to be gibbous. 




Fig. XVIIl. -Pha^e^ of the Moon. 



In this case the elliptic boundary is simply turned the other 
way, as in the drawings in Fig. XVIII., which, according as 
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they are taken in order from left to right, or from right to left, 
may serve to indicate the changes of phase during the second 
and third quarters of the month respectively. 

To those who are familiar with the theory of projections, or 
even with the ordinar}'^ rules of perspective, the above explanation 
involves no difficulty. To others, we fear, it may be somewhat 
troublesome to realize that a boundary, which is really circular, 
may at one time appear to be a straight line, and at other 
times an ellipse of varying degrees of ovalness. 

The- next point which calls for special attention is, that the 
Moon always turns nearly the same half of its surface towards 
our view ; the reason being that it turns once round upon an 
axis which is nearly perpendicular to the plane of its orbit, 
while it travels once round the Earth. We are aware there 
are some who still deny this truth, even as there are those still 
to be met with whose ideas of parallax encourage them to deny 
the spherical shape of the Earth. With such we do not wish 
to argue. But for the sake of others we remark, that to prove 
the Moon's rotation upon its axis, it is sufficient to ask any 
one to walk round a circular table, while all the time he keeps 
his face turned towards its centre. If when he begins to widk 
round he is looking eaat, he will be found, when half-way 
round, to be looking west, and at two intermediate positions 
north and south respectively. When half-way round he has 
turned his face from east to west, or in other words, he has 
turned himself exactly half-way round about a vertical axis ; 
and by the time that he has gone once round the table, he has 
also turned himself through one entire revolution, and has 
passed through the four positions, in which his face has re- 
spectively lor>ked east, north, west, and south; or east, south, 
west, and north; according to the direction in which he has 
walked round the table. In exactly the same way the Moon 
must turn once round, or very nearly once round, upon its 
own axis, while it goes once round the Earth, in order to 
keep very nearly the same face turned towards the Earth's 
centre. 

It is simply because this motion round its own axis is 
uniform, while there is some considerable amount of variation 
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in its speed in its orbit round the Earthy that it does not 
always show as exactly the same face. In fact, according as 
the Moon travels^ daring any given time, rather more quickly 
or more slowly than would accord with its mean rate of 
motion, we see a little more, which we should not otherwise 
see, upon one side, or the other, of the disc usually visible to us. 
This effect is technically termed a Libration. 

But in addition to this it is also found that the Moon's axis 
of rotation is not quite perpendicular to the plane in which she 
travels round the Earth. Tlie result of which is, that, in different 
parts of her path, we see somewhat beyond each pole alter- 
nately, just as the Sun shines, or an observer upon it would 
see (although to a much greater extent), beyond the two poles 
of the Earth, alternately, in the course of a year. In this way 
we once more obtain a view, at different times, of somewhat 
more than exactly one-half of the Lunar Disc. 

There is also a tAird kind of Libration, which deserves 
mention, called the Diurnal Libration. As any place of obser- 
vation is carried round by the rotation of the Earth upon 
its axis, it is thereby changed in position to a considerable 
extent in the course of twelve hours ; in fact, the change for a 
place upon the Equator (as we have explained in discussing 
the determination of the Sun's distance by observations of 
Mars; Lect. I., page 16) is nearly equal to a distance of 8,000 
miles, or to the length of the Earth's diameter. And from 
these two different positions there may be seen two slightly 
different views of the Moon, which if put together would include 
rather more than one-half of its surface. 

A similar effect may be obtained by two observers situated at 
a considerable distance apart upon the Earth. They will see, 
at the same instant, the one a little beyond one part of the 
edge of the disc which would bound the view of an observer 
at the Earth's centre, and the other a little beyond another 
part of it. By the combined effect of all these causes, 
opportunities occur, which enable us in a long succession of 
observations, made upon suitable occasions, to see nearly 
three-fifths of the whole surface of the Moon. It must, 
however, be allowed that a good deal of the outlying portions 
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thas seen is so near to the edge of the disc, that it is much 
foreshortened, and very unfavourably situated for observation. 

As a summary of these remarks, we may therefore state that 
it is not strictly true to say that the Moon always turns the 
same face to the Earth. But it is true that it revolves once 
upon its axis (with almost absolute uniformity), during each 
one of its revolutions round the Earth ; and that, if its orbit 
round the Earth were exactly perpendicular to that axis, and 
its motion in it exactly uniform, an observer at the centre of 
the Earth would always see the very same half of its surface. 
If we are only speaking in general terms, we may be permitted 
to use the phrase, that it always turns the same face to the 
Earth. In a more accurate statement we must allow for the 
libratory effects produced by the two causes we have named, 
and for the small additional effect produced by the movement 
of an observer in space, owing to the Earth's daily rotation, 
or to his own journeying to different parts of its surface. It 
is by allowing for these effects that we find that an addi- 
tional xVth of the Moon's surface may be seen, although in 
general very obliquely; which xr^h added to | makes up 
altogether nearly |ths of the whole. 



Digitized by 



Google 



LECTURE IV. 

THE MOON {continued). 

" Meanwhile the Moon, . 
Full orb'd, and breaking through the scattered clouds, 
Shows her broad visage in the crimson east, 
Turn'd to the Sun directs her spotted disk, 
Where mountains ri^e, umbrageous dales descend 
And caTcms deep, as oblique tubes descry ; 
A smaller earth, gives all his blaze again, 
Void of its flame, and sheds a softer day." 

Thomson. 

To many lovers of astronomy there is a charm in the study 
of the physical condition of the Moon's sarface, far surpassing 
any pleasure they may feel in the complicated theory of its 
movements. Even to the naked eye there is evidence of 
the existence of various configurations of form and feature, 
abundantly sufficient to excite a wish for a closer view ; 
while in a good opera-glass many irregularities may be noticed 
in the inner edge of the lunar crescent, — ^mountain peaks which 
tower up to catch the Sun's beams, while the intervening 
valleys lie invisible in the shade. But a small telescope 
discloses a scene of marvellous beauty ; and one of greater 
power reveals innumerable details full of the deepest interest. 

It is from three to eight days before, or after, it is new, that 
the most striking views of the Moon are obtained; because 
the light of the Sun, at such times, shines so obliquely 
upon the formations near to the edge of its bright crescent, 
that all inequalities of the surface are thrown into prominent 
relief by the intensely black and sharply-defined shadows which 
fall behind them. On the contrary, when the Moon is nearly 
full, although certain delicate markings are then best seen, 
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urre^ularities of level are almoBt obliterated^ since the sun- 
light no longer meets them obliqaely, but shines so nearly 
vertically upon them that their shadows almost disappear. 
The marvellous relief of mountain and valley is gone, and 
the scene is comparatively tame and uninteresting, except 
to an advanced and experienced student. 

It may be well if we attempt to put before our readers some 
faint idea of what may be seen in a powerful telescope when 
one of the larger lunar formations is in a favourable position 
for observation. In very many instances a mighty mountain 
range rivets our gaze, of vast dimensions, and of an approxi- 
mately circular contour. It rises to a height, in places, of 
10,000 to 12,000 feet, or more, above the general level around 
it We very likely notice that in many parts this circular 
chain of mountains is formed of successive ridges or steps, 
which tell us that at intervals in its past history huge land- 
slips have rushed in headlong rout and ruin down its sides. 
We may also see the shadows of many sharp and jagged peaks 
into which the uppermost edge is riven. 

Within the mountain circle there lies in general a com- 
paratively level space, usually depressed far below the regions 
outside it ; so that, while the ring of mountains may rise some 
10,000 or 12,000 feet above the exterior level, this interior 
plain may be 20,000 to 25,000 feet below the summits that 
tower above it. Hundreds of such approximately circular 
formations may be detected, ranging in size from a very few 
miles to 120, or even ISO, miles in diameter. In many cases 
we also see that there are one or more hills, or elevations, of 
an apparently conical form, in the central parts of the interior 
plain. 

In order to become fully acquainted with any individual 
ring of mountains, repeated opportunities must be utilized. 
The labour of the necessary observations is, however, com- 
pensated by the unceasing variety of the beauty and general 
aspect of the scene. We watch the sunlight as it gradually 
rises upon the ring, and throws the ever-changing shadows 
of its eastern peaks across it. We follow it as it steals down 
the interior of the opposite or western side, until presently, as 
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it shmes in its meridian splendour vertically down upon the 
interior plain, almost every shadow disappears. Then the 
lengthening shades of the jagged western summits begin to 
creep up the eastern slopes. Soon the last lingering rays of 
light vanish from the scene, and we wait for another lunation 
in which to watch afresh. 

The most important points which may thus be observed 
in these formations, are their vast diameters, the great height 
and terraced character of the ring by which they are bounded, 
the frequent occurrence of a deep depression of the interior 
plain below the surrounding level, and of conical elevations 
in its midst. Most of these characteristics, as well as many 
other interesting features and formations upon a smaller scale, 
may be seen in the view of the lunar mountain Copernicus 
and its. surroundings (see Plate VI.), which by Mr. Nasmyth's 
kind permission we present to our readers. It is reduced from 
that published in his and Mr. Carpenter's well-known and 
costly treatise upon the Moon, the original photograph having 
been taken from a plaster model most carefolly formed, the 
appearance and the shadows cast by the different parts of 
which, when it was placed in a strong light, exactly agreed 
with the view of the corresponding portion of the Moon seen 
with a powerful telescope. 

In addition to the large ring-mountains, to which our 
description has, so far, chiefly referred, there are some which 
extend in a longitudinal direction, and consequently more 
nearly resemble the mountain chains with which we are 
familiar upon the Earth. Two of the largest of these are 
respectively named the Lunar Alps and Apennines. If the 
Moon, when about half-full, be looked at through a telescope, 
which, by the reversing action of its lenses, will in our latitude 
make its northern parts appear to be the lowest, the Alps will 
be seen about ^th, and the Apennines about ^rd, of the way up 
its inner edge. The Apennines are the more extensive and 
remarkable of the two ranges, their length being about 430 
miles, and their loftiest peaks some 18,000 feet in height ; 
while the highest of the Alps (called, after its sister peak upon 
the Earth, Mont Blanc) scarcely exceeds 12,000 feet. Many 
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other ranges of a similar character, but of less prominence and 
interest, may also be easily found. In the beautifiil photograph 
by Mr. Rutherfurd, of New York, inserted at the beginning of 
Lecture III., and placed so as to correspond with the reversed 
image shown by a telescope, the Alps may be noticed a little 
above, and to the left of, the large ring-mountain (named 
Plato) which is seen close to the edge of the Moon's termina- 
tor (ue.y the boundary of its enlightened portion), about Jth of 
the way up it. The long range of the Apennines, sloping 
downwards to the left, is seen rather below the middle point of 
the same illuminated edge. Beneath them is a large circular 
mountain, Archimedes, to the left of which there are two 
smaller but similar formations, in the lower one of which 
(Aristillus) a central cone is very evident. Tycho, 64 miles in 
diameter, and nearly 3 miles deep (a mountain to which we 
shall presently make special reference), is not quite ^^th of the 
whole way down the same edge, its ridges on the left-hand 
casting a deep shadow, which reaches nearly to the base of its 
central cone. The shadow of the cone may also be distinctly 
seen in the photograph. We may be allowed to state that we 
have the greatest possible pleasure in exhibiting this enlarged 
copy of Mr. Rutherfurd's negative.* It will bear the closest 
examination, and may well be inspected by means of a magni- 
fying glass. It is purely a photograph, an image untouched 
by human hand, or by the engraver's art. Every feature is 
depicted by the Moon itself, and we are confident in our 
opinion that no more perfect result has as yet been obtained 
in lunar photography. 

In some parts of the Moon large and comparatively level 
regions are met with, of a darkish hue, and in many cases 
somewhat depressed below the general level. Several of these 
(e.y., the Sea of Serenity, the Sea of Vapours, the Sea of 
Storms) are still called by names which were long ago given 
to them under the supposition that they were portions of 
water, or that they bore a certain resemblance to the seas of 
the Earth. This idea is now discountenanced, although it 

• We owe the privilege of so doing to Messrs. Kegan Paul, Trench, 
& Co., who have most kindly provided the copies. 
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cannot be denied that some of them may very possibly be the 
beds of defhnct oceans, by- which, in ages long past, they may 
have been covered. 

In addition to the large ring-monntains of which we were 
recently speaking, there are many circular formations, of 
which some beautiful examples are to be seen in the plate 
which contains the view of Copernicus, so small as to be 
more justly called craters ; while to others, smaller still, the 
name of craterlets, or crater-pits, has been given. In cer- 
tain regions these minute craterlets, varying from less than 
a mile to five or six miles in diameter, are exceedingly 
numerous. 

It is very interesting, even with a small telescope, to com- 
pare the Moon with a good outline lunar map ; * to identify 
the various mountains by name ; to note those which are 
distinguished by central cones, or by other peculiarities ; to 
observe the long pointed shadows of the summits of the Apen- 
nines ; or to search for occasional instances of isolated peaks 
of a more or less conical shape. One of the most remarkable 
of these is named Pico. It is about 7,000; or, perhaps, 8,000 
feet high, and may be found near to the lunar Alps. 

There are other peculiarities of the lunar surface, more 
difficult to detect than those which we have hitherto men- 
tioned; the most important being termed clefts, or rills.t Some 
of these present an appearance very similar to that which 
would be afforded by the bed of an extinct torrent or river, 
and may possibly resemble the cafions of North- West 
America. Others are so straight and regular that they might 
almost make us imagine that they must have been artificially 
constructed, were it not that many reasons discountenance 
such a supposition. They are traceable for great distances, and 

* Such maps may be found in WebVs *^ Celestial Objects," and, upon a 
larger scale, in ** The Moon," by Mr. Neison ; the most elaborate of all 
being that of Dr. Julius Schmidt, 6 Paris feet in diameter, published in 
1878, at the expense of the Prussian GoTemment. 

t This word, adopted from the German "rt//en," is not intended in 
any wise to imply the existence of watbr, as would be the case with the 
more usual meaning of the English word. 
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frequently continae their conrse with an apparent disregard 
of all changes of level. Their origin may perhaps be more 
plaasibly attributed to the cracking of a shrinking surface, 
than to any other known cause. About 1,000 of them have 
been observed, some being as much as 200 or 300 miles in 
length. 

When the Moon is full, or nearly so, and its aspect is 
in many other respects comparatively uninteresting, several 
systems of long rays, or light streaks, are seen to originate 
in certain districts, or mountain formations. Some of them 
are 600 or 700 miles long, and one appears to extend 
to a distance of at least 2,000 miles, which is considerably 
more than ^th of the Moon's equatoreal circumference. The 
most noticeable are those which radiate from the mountain 
Tycho; the position of which we have pointed out in our 
description of Mr. Rutherfurd's photograph. There are, how- 
ever, others which are very remarkable. They seem to be of 
such a nature that, when the sunlight is shining fully upon 
them, they reflect more of it than the surrounding soil or rock, 
and consequently appear exceptionally bright. They pass on- 
wards, like many of the clefts, or rills, up hill and down valley, 
over crater, ridge, and mountain ; evidently showing that their 
origin has, in some cases, been subsequent to that of the 
other formations which they thus traverse. 

The hypothesis has been suggested that they arise from the 
filling up, by the exudation of volcanic matter from depths 
below, of cracks radiating from the site of some vast explosion. 
When, however, we remember the very great distances to which 
they extend, it is hard to imagine how any catastrophe 
sufficiently terrible to have produced them can have occurred. 
Nor do we see other effects remaining which such a supposition 
would lead us to expect. No really satisfactory theory of their 
origin has yet been put forward. We can only say that the way in 
which they radiate from various centres is strongly suggestive 
of an explosive cause. 

One of the most puzzling problems of the lunar surface is to 
explain the origin of such vast circular y or approximately circular, 
formations as we have previously described. Nothing at all 
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comparable to them is found upon the Earth, although there is 
a considerable resemblance between certain regions (such as the 
neighbourhood of Vesuvius), in which we know that volcanic 
agency has been at work, and some of the smaller groups 
of craters upon the Moon. This has well been shown in a 
diagram by Messrs. Nasmyth and Carpenter, in which the 
district surrounding Vesuvius is contrasted with a similar por- 
tion of the Moon. We append from Admiral Smyth's Speculum 
HartweUianum (now somewhat rare) a copy of a drawing of 







Fig. XIX,— The great crater of Teneriffe. 

the great crater of Teneriffe, — " eight miles in diameter, with 
its parasitic cones and peak, the latter 12,198 feet high," — 
which is undoubtedly a volcanic formation. It may certainly 
bear interesting comparison with many of the lunar mountains, 
or craters. 

We have upon the whole strong reasons for believing that 
the lunar formations are in like manner most probably of 
volcanic origin. Nevertheless, so great is the diameter of 
many of the larger circles of mountains, that it is hard to 
conceive that they can have been produced by central 
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eruptions. And yet the existence of central cones in many of 
them, and even in some of the largest, favours this hypothesis. 
It is well, therefore, to remember, that the attraction of the 
force of gravity npon the surface of the Moon is not quite 
^th of its value upon the Earth, and that an eruption of matter 
from a central cone, with such a velocity and at such an 
angle that it would descend upon a level plain on the Earth 
at a distance of five miles, would, if similarly projected on the 
Moon, be carried rather more than 30 miles before it would 
fall. It is therefore a not altogether unreasonable supposi- 
tion that such a centre of eruption may have deposited matter 
in a ring of 60 to 70 miles, or even more, in diameter. But it 
may nevertheless be urged in reply to this argument that it is 
by no means likely that such violent eruptive forces would be 
generated in the comparatively small mass of the Moon as in 
the much larger mass of the Earth, and that the diameter of 
the largest crater upon the Earth, which is, we believe, in the 
Sandwich Islands, does not exceed 10 miles.* 

Other theories have consequently been elaborated as to the 
origin of these huge ring-shaped lunar formations. It has, for 
instance, been imagined that they may have been produced by 
the exudation of molten matter at different times during the 
cooling and solidifying of the Moon's cinist, a process which 
would involve frequent changes of internal level and pressure, 
and vast subsidences and derangements of the surface. 

On the other hand, if we maintain the previously mentioned 
theory, viz., that the circular ridge has originated in the 
discharge of matter from a central cone, we need not be 
surprised if such cones nevertheless seem in many cases to 
be wanting ; for a subsequent eruption of less energy might 
discharge matter sufficient to fill up the surrounding circle to 
the level of the cone, or nearly so, which would cause it to be 
no longer visible. 

We cannot, however, afford further space to the discussion of 

these theories. We will sum up our remarks by saying that 

there is every reason to believe, from the present appearance 

of the Moon, that in ages long past it has been the scene of 

* See Miss Bird*8 account of her recent tour in these islands. 
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treinendotis volcanic action. Such action appears to have been 
in itself much more violent than any which the Earth has 
experienced, while the effects produced upon the Moon by 
any given explosion would be much greater than upon the 
Earth, owing to the smaller attraction of the force of gravity 
by which they would be restrained. It is certainly the case that 
such disturbances seem to have been extraordinarily frequent 
upon the lunar surface. There is also much evidence of a 
succession of eruptions, for in many places craters, or ring- 
mountains, are seen overlapping and interfering with one 
another in a way which proves that the origin of sooae must 
have been anterior to that of those by which they have been 
disturbed. 

If this be so, the question naturally suggests itself: — Is there 
any evidence of the existence at the present time of volcanic 
energy still in action upon the Moon ? Our answer is: —There 
is either none, or, if there be any, it is very slight. We have no 
incontestable observation of any such occurrence. Certain spots 
upon the Moon, which appeared unusually brilliant to Schn'^ter, 
Madler, and others, may have lost some of their brilliancy. 
But it is most probable that they are spots which have a 
peculiar power of reflecting the Sun's light, or (when they 
have been noticed in the dark part of the Moou) the faint light 
which the Earth reflects to it, and which, near tu the time of 
New Moon, causes the appearance which is popularly known 
as the New Moon in the Old Moon's arms. This is much 
more likely than that they are volcanoes in active eruption. 
The absence, or almost entire absence, of any appreciable 
amount of atmosphere or water upon the Moon (to the proofs 
of which we shall presently allude) also makes it very diflScult 
to conceive that volcanic action can continue. 

In connection with this question, we ought, however, to 
mention that some fifteen years since a considerable amount 
of discussion took place as to a change wliich was supposed 
to have occurred in a crater named Linn6.* There seemed to 

* ThiB crater is situated in the locality of a bright spot in Mr. Buther- 
furd*8 photograph, which may be seen in the midst of a darker region 
a little way to the left of the lower part of the Apennines, and slightly 
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he some grounds for believing that it had become* much 
smaller and less easy to distinguish than it was in earlier 
observations. But it offers such different appearances under 
varying circumstances of illumination, that the evidence is not 
conclusive. The same statement might perhaps be made with 
regard to a more recently announced discovery, viz., that a 
new small crater has appeared near to a well-known one 
named Hyginus.'i' Some valuable observations and drawings 
of it, recently made by Mr. Neison and Mr. Green, have how- 
ever given additional probability to the supposition that it is 
reaUy a new formation. 

In any case we must allow, that landslips and a gradual 
deterioration and crumbling of the lunar rocks must almost 
undoubtedly still continue as a result of the intense alternation 
of heat and cold which the Moon undergoes in the successive 
halves of each month ; and it is possible that processes of this 
description, and of unusual magnitude, may have very muph 
altered the appearance of Linn^. We have good reason to 
hope that the careful attention now given to the Moon by 
many painstaking observers, combined ¥dth the great telescopic 
power at their disposal, and the accuracy of the lunar maps 
recently published, may before long enable us to speak much 
more positively as to the reality of such changes. But at 
present we can only say that the balance of evidence is 
decidedly against, rather than in favour of, the existence of 
active volcanic action upon the Moon, and affords little proof 
of the progress even of such changes upon its surface as are 
otherwise antecedently probable. 

The Moon, in fact, gives to us the impression that it is 
a body which has long since passed through a condition 
similar, or somewhat similar, to that in which the Earth is 
at present. Since that time it has, we believe, grown colder 

above a horizontal line paesing by the upper edge of the circle of 
Archimedes (the position of which we have pointed oat in our previous 
description of the photograph), and at a distance from its oenixe equal 
to ratiier less than five times its diameter. 

* This may also be detected in the photograph by those who know 
where to look for it. 
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and colder. The water which in ages past doitkt^ess existed 
npon it (or at any rate nearly all of it) has long since ^ftnished, 
having perhaps been absorbed into the rocks which form the 
lanar crust In like manner the atmosphere, formerly belong- 
ing to it, which, owing to the Moon's comparatively small mass, 
was probably of moderate amoant, has disappeared, or so nearly 
disappeared as hardly to leave any certain traces of its existence. 
Among the proofs which may be given for this last state- 
ment, the following may be mentioned. We every now and 
then see the Moon pass between as and some of the myriad 
stars that stud the firmament. When this occars, tlie dis- 
appearance of the star behind the Innar disc and its re-appear- 
ance are sharp and sadden, indicating that there is no 
appreciable effect produced by any lunar atmosphere. Again, 
we meet with no definite evidence of its existence when we 
watch the progress of a solar eclipse.* If, as some think, we 
are occasionally able to detect signs of twilight upon the 
Moon, they are so exceedingly slight as to indicate that any 
atmosphere upon it cannot possibly possess a density greater 
than the 200th part, or it might perhaps be said the 500th 
part, of the density of that upon the Earth's surface. 

The contrast between sunlight and shade upon our satellite 
must consequently be intense. The blackness and sharpness 
of the mountain shadows may well form one of the most 
remarkable features in a telescopic view of the Moon. If, 
however, we could transport ourselves thither, we may be 
sure that the reality would surpass the utmost bounds of oUr 
imagination ; one step would take us from the deepest black- 
ness of night into the fullest blaze of the unclouded Sun. 
There would be no diffused atmospheric radiance, no softening- 
down and toning-off of shade. In some positions an opposite 
mountain might reflect a little light to an observer standing 
in the midst of a dark' shadow, but such cases would be 
exceptional. 
The sky would have none of that beautiful blueness which 

* Since the above was in print, news has however reached ns, that 
some traces of its presence have been detected with the spectroscope by the 
French observers of the total solar eclipse of May 17th, 1882, in Egypt. 
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the watery vapour or other constituents of our atmosphere 
produce. It would be of the darkest black even in full 
daylight. The glare of the Sun would be bounded by the 
exact limits of its disc^ so that its coronal and other append- 
ages would be constantly visible. The stars, like minute but 
brilliant diamonds, in number far greater than we behold, 
would, by day and by night alike, shine without twinkling in 
the black vault of heaven. Interesting as all this might be, 
it would not upon the whole be very pleasant; and other 
consequences of the absence of a lunar atmosphere would be 
still worse. The heat of the Sun would be unbearable during 
the long lunar day of about 354 hours' duration, while the 
unmitigated cold of the succeeding night would be perhaps 
even more terrible. 

In fact, Lord Bosse has estimated that the change in the 
temperature of the Moon's surface during each month exceeds 
500° Fahrenheit ; and that under the vertical rays of the 
Sun it is probably considerably higher than that of boiling 
water. Those who have ascended to great altitudes, and have 
felt the intensity of the Sun's heat in a rarefied atmosphere, 
and then have been so unfortunate as to spend the night 
unsheltered on some rocky elevation in the midst of Alpine 
glaciers, may have possibly gained thereby some very faint 
idea of the alternation of heat and cold upon the Moon. 

The Earth, as seen from the Moon, would of course, month 
by month, go through phases complementary to those which 
the Moon exhibits to us. Full Earth would take place when 
we see New Moon, and vice versd ; and the sight would indeed 
be glorious. Moreover, as the Moon always turns very nearly 
the same face to the Earth, the latter would seem to a lunar 
observer to be nearly fixed in the heavens ; while the outlines 
of continents and oceans would give a pleasing variety to its 
disc, which would appear nearly 3| times as broad, and more 
than 13 times as large in area, as that which the Moon shows 
to us. We must not, however, pursue such hypothetical ob- 
servations any further. It will be more profitable to turn 
to a few remaining points of interest Connected with those 
which can be made from onr own standpoint on the Earth, 
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after which we shall discuss the Moon's influence and use- 
fulness in connection with matters terrestrial. 

One important 'fact, which deserves special attention, is the 
great success which has been achieved in recent years in 
lunar photography. De la Rue, Rutherfurd, Brothers, Draper, 
EUery, and others, have obtained most perfect photographs 
of the Moon in all its various phases ; none however, in our 
opinion, surpassing such an one as that by Rutherfurd, which 
is reproduced in Plate Y. 8ome, jtaken in different stages of 
the Moon's libratipn, and therefore affording pictures such as 
would be seen from different points of view, give an interesting 
appearance of solidity, and raise all the different formations 
in picturesque relief when viewed in a stereoscope.* It may, 
however, be mentioned, that, when so directed, they also produce 
an exaggerated elongation in the direction of that axis of the 
Moon which is pointed towards the observer. 

It is to be hoped that lunar photography may be of con- 
siderable use, in enabling us, as time goes on, to test the 
occurrence of any changes of surface, which, as we have pre- 
viously suggested, may arise from large slips or falls of land. 
Numerous photographs have also of late been most carefully 
measured by Professor Pritchard of Oxford, and by Dr. 
Hartwig of Strasburg, in order to determine the existence, or 
amount, of a slight physical libration or motion of the Moon, 
about an axis of its figure, which theory tells us must exist. 

The Moon, owing to the large amount of light received from 
it, and its nearness to the Earth, is, with the exception of the 
Sun, the easiest of all the heavenly bodies to photograph, and 
in some respects even more easy than the Sun, in consequence 
of the overpowering amount of light which the latter affords. 
At the same time great care, a very well regulated instrument, 
and very refined processes are necessaiy to ensure success. 
Those, therefore, whose success has been so great as to be 
almost perfect deserve all possible praise. 

* Transparencies from the very beaatiful negatives of Mr. De la Bae 
thns arranged may, we believe, be obtained from Messrs. Beck and Co., 
Opticians, CornhiU, who have more than once very kindly lent some of 
them for the iUostration of these lectnres at Gresham College. 
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We must not, however, forget the many important respects 
in which the Moon is an object of interest to those who are 
not only anable to photograph her image, but who have 
not even a telescope to aid their view. Such observers may 
carefully watch the very considerable changes in the apparent 
size of her disc, by which, as explained in our previous lecture, 
it is increased from time to time by as much as one-third 
part of its least value ; — times of which Othello says : — 

" It ia the yety error of the Moon ; 
She oomes more nearer earth than she was wont." 

They may also notice that at such times the tides are cor- 
respondingly intensified, and that, if spring tides also occur 
when the Moon's distance is unusually small, and certain 
conditions of wind and weather act coigointly, the inundations 
of the Thames and of other tidal rivers may prove to be very 
serious. 

It is also interesting for the unscientific observer to note 
how conveniently the Moon's path in the heavens is arranged, 
so that we enjoy a far greater amount of moonlight in winter 
than in smnmer. We do not mean, that, the nights being 
longer in winter, we notice the Moon's light more, in the absence 
of that of the Sun ; but that the Moon is in mid-winter above 
the horizon for a longer time on those nights during each month 
when its phase affords a greater amount of light, and for the 
longest time of all when it is full, or nearly so ; while in mid- 
smnmer it is a shorter time above the horizon when full, or 
nearly so, than in any other part of the lunar month. 

In fact, the increase in the hours of moonlight thus obtained 
in winter bears a close relation to that of the hours of sunlight 
in summer. This arises from the fact that the Moon's path, as 
seen amongst the stars, differs, month by month, very little 
from the great circle of the heavens called the ecliptic, which 
is the Sun's apparent annual path. And the Moon, when full, 
being very nearly in a straight line with the Sun and the Earth, 
but upon the opposite side of the latter, it follows that a full 
Moon will at midnight be always seen nearly in the same 
position in the sky as that in which the Sun was seen at noon 
SUV months previously. The path of the Full Moon across the 
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sky during the nigkt will, in fact, be very nearly that of tlje 
. Sun during the day^ six months before or after. And there- 
fore, as the inclination of the Earth's axis to the plane of the 
ecliptic causes the Sun's path (in such a latitude as our own) 
to be much longer, and its noontide elevation much greater in 
mimmer than in winter^ so will the path of the Moon when it 
is in its full phase be in like manner longer and its elevation 
greater in winter than in summer. The duration of daylight 
in the latitude of London varies from about 7f hours upon the 
shortest day, to about 16| upon the longest. That of the 
light of the full Moon, owing to the deviation of the Moon's 
path from the ecliptic, may, we believe, amount in midwinter 
to about 18 hours and in midsummer be barely 6 hours. It 
is certainly a very interesting fiict that we thus receive most 
moonlight at the very season of the year when the long 
nights make it most useful. 

An eclipse of the Moon is another important phenomenon 
which is very easy of observation, and one which in some 
respects may be very well seen without any, or with very little, 
telescopic aid. At such times the Moon first enters the 
penumbra, or outer portion of the Earth's shadow, from which 
the Sun's light is only partially excluded. Little notice, 
however, is taken of this ; but, after a while, the dark umbra, 
into which (except by the refraction of the Sun's rays by the 
Earth's atmosphere) no solar light can penetrate, gradually 
encroaches upon the disc. 

At the distance of the Moon's orbit, the diameter of the umbra 
is about three times that of the Moon, whose speed of motion 
round the Earth is (as we have mentioned in Lecture III.) 
such as to take it over a space equal to its own diameter 
in about one hour. It will therefore, if it pass centrally 
through the umbra, first of all occupy about one hour in 
becoming wholly immersed in the shadow. It will then 
remain for nearly two hours totally eclipsed before its opposite 
edge begins to emerge. Towards the end of the fourth hour 
it will again be entirely clear. 

As an eclipse progresses, it is generally noticed that the 
edge of the shadow is hazy and more or less tinged with red. 
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And when the Moon is totally immersed a considerable amount 
of snch reddish light may often be still detected, so that its 
whole disc may remain faintly visible. On other occasions, 
but more rarely, the totality is nearly absolute, and the Moon 
is for the time almost invisible. This variable result depends 
upon the amount and nature of the clouds and vapours over- 
lying the bounding circumference of that hemisphere of the 
Earth upon which the Sun is shining, which produce important 
effects upon the amount and the tint of the s(dar rays which 
are refracted into its shadow. 

Lunar eclipses are, however, sometimes only partial ; at 
other times, although total, of comparatively brief duration ; 
more frequently still, the Moon is full without suffering 
any eclipse. In fact, as we shall presently show, it never 
traverses the umbra of the Earth's shadow more than three 
times in a year, while the occasions are comparatively rare 
upon which its passage is so nearly central that the duration 
of an eclipse approaches its maximimi possible value.* 

It is sometimes said that the Moon*s place, when full, is 
opposite to that of the Sun as seen from the Earth. But this 
cannot in general be strictly true, inasmuch as it would 
involve the occurrence of an eclipse at the time of every 
Full Moon, and would require the plane of the Moon's 
orbit to be exactly coincident with the plane of the ecliptic, 
in which the Earth moves round the Sun. These planes are 
actually inclined to one another at an angle of about 5 degrees. 
The Moon, when full, will therefore only be exactly in the 
prolongation of the straight line joining the centres of the 
Earth and of the Sun, if it happens at the same moment to 
be also passing through one of the two points in which the 
plane of its orbit intersects that of the ecliptic. Otherwise it 
will be at a perpendicular distance above or below the straight 
line in question, which will vary between certain small limits, 
defined by the above-mentioned inclination. 

* The Moon may at times pass through the penambra of the Earth's 
shadow, when it escapes the umbra. Such penumbral eclipses are 
occasionally interesting, although their occurrence is not noticed in 
the Almanacs. 
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The two points of which we have been speaking, in which 
its monthly orbit intersects the plane of the ecliptic, lie upon 
a straight line very approximately passing through the centre 
of the Earth, which is technically termed the line of Nodes. 




Fig. XX.— Bliuwiij^ I lift! ihe dirociic>u vt the line of NoUeaOf thu Mixni'?^ orhit pHiaes throagh 
the Sun at two opposite periods of the year. 

The most important question involved in determining the 
frequency of lunar eclipses consequently is : — How often will 
this latter line also pass through the centre of the Sun ? It 
can only do so at intervals of about six months, as may be 




Fig. XXI.— Showing how the Moon may suffer a Total Eclipse of the 
longest possible duration. 

seen in Fig. XX., in which the Earth, as it travels round the 
Sun, is supposed to carry the lunar orbit with it, the line of 
Nodes remaining parallel to itself, and only passing through 
the Sun in the two opposite positions MiNj, and M2N2. In the 
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diagram the portion of the Moon's orbit which .is dotted is 
supposed to be slightly below the plane of the Earth's path 
(or the ecliptic), and the other portion slightly above it. 

If, then, upon one of the days npon which such a passage 
occurs, the Moon is fiill, as in the positions Ni and Ms in the above 
figure, a total eclipse of the longest possible duration will be 
seen, the Moon passing through the very centre of the Earth's 
shadow, as in Fig. XXI. 

It is also found that if the Moon on such a day is within about 
eleven days before or after being Full, an eclipse of some kind, 
either partial or total, but of shorter duration, will take place 



Fig. XXII.— Bbowiiig how the Moon, when fall, may escape being eclipsed. 

at the next following, or next preceding, Full Moon, when the 
Moon will still pass within so small a distance, above or below 
the straight line joining the centres of the Earth and of the 
Sun, that it will in some degree traverse the umbra of the 
Earth's shadow. At all other times the Full Moon will, in 
consequence of the tilt, or inclination, of its orbit to the plane 
of the ecliptic, in which the Earth circles round the Sun, pass 
altogether above or below the Earth's umbra, and escape 
eclipse, and it will pass clear of the shadow by the greatest 
possible distance when it occupies such positions as m^ and m^ 
in Fig. XX., which correspond to places of the Earth just 
half-way between those which coincide with the occurrence 
of the longest possible eclipses. We have endeavoured to 
illustrate such an escape from eclipse in Fig. XXII. 
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According to the above statement, it therefore appears 
that there may be one lanar eclipse, or there may be none; 
near to the time of each passage of the line of Nodes through 
the San, according to the number of days by which such an 
occnrrence is separated from the date of a Fall Moon ; and that 
if a lunar eclipse occur it will be within about eleven days of 
the Nodal passage. 

The conclusion would consequently seem to follow that there 
may be two lunar eclipses, or none, in any given year. But 
owing to certain causes of a somewhat complicated nature 
connected with the lunar orbit, which involve a slow turning- 
round of the line of Nodes, it is found that the above-named 
interval of six months is reduced to 173 days. From this 
it results that there may be as many as three lunar eclipses 
in the course of a year, one at the very beginning of the year, 
one in the middle of it, and one just before its close. 

Although we have done our best, by means of some diagrams 
different from those generally drawn, to render this explana- 
tion as lucid as possible, it is difficult so to do, owing to the 
perspective necessarily involved. A suitable model (such as 
may be seen at Gresham Oollbgb) may, however, be easily 
constructed, and will be found much more efficient and of great 
assistance both to teachers and students. 

We must only refer very briefly to the Moon's connection with 
solar eclipses, especially as the beautiful phenomena then wit- 
nessed have been already described in Lecture 11. (see Plate IV.), 
in connection with the Sun's coronal and other surroundings. 
The most important difference between a solar and a lunar 
eclipse is that the latter is visible from a whole hemisphere of 
the Earth at once, i.e.y from every part of the Earth upon 
which the Moon would otherwise be shining; while a solar 
eclipse is only seen from a small portion of the Earth at any 
given time. The shadow of the Moon, by which a solar 
eclipse is caused, is, in fact, never much more than long enough 
to reach the Earth. Sometimes, when the Moon is at its 
farthest from the Earth, and the Sun at its nearest, it even 
falls short of doing so. In such cases the shadow comes to a 
point before it meets the Earth, and the Moon appears to be 
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rather smaller than the Sun. A ring of light therefore 
remains visible, even to observers who are exactly in the 
direction of the straight line joining the centres of the Earth, 
the Moon, and the Sun ; and the eclipse is termed annular. 

At no time can the maximum breadth of the Moon's 
shadow, where it falls upon the Earth, exceed 173 miles, 
nor will it often approach very near to this value. Whatever 
the width of the shadow may be. it rapidly sweeps across a 
zone of the Earth of corresponding breadth, with a relative 
speed, which (when the rotation of the Earth is taken into 
consideration) may only amount to about 20 miles per 
minute. While it is passing over any place a total eclipse 
of the Sun, the most impressive of all celestial phenomena, 
continues. The above figures (by dividing 173 by 20) would 
allow the greatest duration to be fully 8^ minutes, but more 
accurate calculations give 7 minutes 58 seconds as the extreme 
limit, under the most favourable conjunction of circumstances. 
As an instance of one of long duration we may mention the 
very notable eclipse of August 17th, 1868, in which the totality 
lasted in the Gulf of Siam for nearly 7 minutes. 

Upon either side of the zone of totality a wider zone exists, 
in which a partial eclipse is seen, of greater or less magnitude, 
according to the distance of the observer from the central zone. 
But the phenomena thus produced are of comparatively little 
interest or importance. 

Solar eclipses occur upon the whole with greater frequency 
than those of the Moon. But the width of the zone of the 
Earth, in which the totality of any one can be seen, being, 
as we have explained, very narrow, a total solar eclipse is 
exceedingly rare in any given locality. The last visible in 
England was in 1724, in London in 1715. With the exception 
of a possible totality of a very few seconds, which may occur 
over a line drawn from the Isle of Anglesey across Northum- 
berland on June 29th, 1927, and which, in any case, must be 
so slight as hardly to deserve the name, none will, we believe, 
be seen in these islands until August 11th, 1999, when a short 
totality will occur in the south-western counties. None will 
probably be visible in London for more than 500 years from 
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the present date.* It will therefore doabtless be thought well 
to despatch both governmental and private expeditions to 
observe any eclipses of considerable duration which may be 
visible in other reasonably accessible localities during this 
period, and to secure every possible observation of the corona, 
or other solar appendages, which the obscuration of the photo- 
sphere by the interposition of the Moon may render it possible 
to make during the few brief minutes of totality. 

The greater frequency of the occurrence of a solar than of 
a lunar eclipse, visible from some part or other of the Earth, 
independently of the question of its visibility in any given 
locality, arises as follows : — It is found that in order to permit 
the phenomenon to take place, the Moon need not be so near 
to one of the nodes of its orbit in the former as in the latter 
case ; in which it may be remembered that we stated it to be 
necessary that the Moon should be fuU within eleven days on 
either side of the date of a passage of the line of Nodes through 
the Sun, which gave a limiting period of twenty-two days, 
or less than a month. But for a solar eclipse the limiting 
period during which the Moon may be new somewhat exceeds 
thirty days. Consequently the Moon may be sufficiently near 
to one of the positions in question on the occurrence of two 
mceesaive New Moons to cause a solar eclipse to be seen upon 
some part of the Earth ; that is to say, it will then pass at 
a sufficiently small distance above or below the line joining 
the centres of the Earth and of the Sun, to allow the extremity 
of its shadow to reach the Earth. 

And as the limit of each period in which it may do this 
exceeds a month, so that it may, as we have just said, embrace 
two successive New Moons, it mttst include one New Moon. 
There must consequently be one solar eclipse, and there may be 
twoy at each such epoch. But, as we have previously explained, 
the interval between the above periods is only 173 days; or 
about nine days less than six months. The sum of two such 
intervals therefore falls short of a year by about nineteen days. 
If then a New Moon occurs within three or four days of the 
beginning of a year, and causes a solar eclipse to take place, the 

• See ** Eclipsee, Paat and Future," by Rev. S. J. Johufon. 
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thirteenth New Mooo of that year, just before its close, may also 
occur sufficiently near to a passage of the line of Nodes through 
the Sun to produce an additional eclipse for the year in 
question. It results that in any given year there may be five, 
and there must be two, New Moons, which will produce total 
solar eclipses. If there be five, they may be the first and 
second, the seventh and eighth, and the thirteenth ; or the 
first, the sixth and seventh, and the twelfth and thirteenth. 

One curious fact, little noticed in its connection with eclipses 
in ordinary text-books, is, we think, deserving of special atten- 




Fig. XXIII.— The Moon is nearer when seen in the zenith than when seen in the horizon. 



tion. It is that the Moon really appears larger when over- 
head, or near to the zenith, than when seen in the horizon. 
On its rising there is no doubt that the first impression 
afforded is just the reverse. But this is only an optical 
delusion, possibly caused by the mind to some extent fancying 
its distance to be more comparable with that of terrestrial 
objects which are also seen near to the horizon. But by 
telescopic measurement, or even by looking through a tube 
devoid of glasses, any one may easily arrive at the truth. And 
a very elementary diagram may also suffice to show, that, if 
the Moon is at any time seen in the zenith of an observer, 
it is nearer to him than when seen in the horizon by a distance 
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not far short of the length of the Earth's radius ; such 
a passage through the zenith of a place of observation being 
possible (owing to the inclination of the Moon's orbit to the 
ecliptic) in localities situated within about 28J degrees of 
latitude on either side of the Earth's equator. 

Let c in the above figure — ^in which, for the sake of simplicity, 
we may suppose the place of observation to be upon the equator 
of the Earth, so that the diagram may be all in one plane — ^be 
the centre of the Earth. Let h and z be the positions of the 
Moon on rising and when seen in the zenith ; p the observer's 
position. Then cz equals ch, and ph does not fall much 
short of the same value. Consequently pz is less than ph by 
a distance which is nearly equal to cp, the radius of the Earth. 
If the Moon were as near to p when in the horizon as when in 
the zenith, it would be at h instead of at h, pA being taken 
^qual to PZ. The diagram is drawn upon an exaggerated 
scale, the real value of cp (and approximately of h^) being 
about 4,000 miles, which is about ^th part of cz (or ph), the 
mean length of which is nearly 239,000 miles. 

Under such circumstances the Moon will have an apparent 
diameter, when in the zenith, which will be about ^th part 
wider than when it is in the horizon. And if at such a time 
a total solar eclipse occur, the totJEdity will be prolonged, since 
the great distance of the Sun precludes any corresponding 
effect upon its apparent size. 

The greatest excess of the Moon's apparent diameter when 
seen in the horizon over the Sun's is about yV^h part of either. 
In that case totality would last while that excess was travelling 
between the observer and the Sun. By suitable calculations 
it is found that it might continue for rather more than six 
minutes. But if the Moon be overhead, and its apparent 
diameter be increased by ^nrth part, its excess over the Sun's 
diameter is made about ^th greater than before (^th being 
one-fourth of ryth), and the totality may consequently last |th 
longer than before, and approach a duration of eight minutes 
instead of being limited to six. 

In such a phenomenon so considerable a prolongation may 
be of the utmost importance. And it is worthy of special 
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notice that the unnsoal duration of the eclipse of Angnst 
17th, 1868, in the neighbourhood of the Gulf of Siam (in 
which locality, as we have .previously stated, it lasted for nearly 
seven minutes), was to a very appreciable extent thus produced, 
owing to the Moon and Sun being nearly in the zenith, or, 
popularly speaking, overhead, at the time of its occurrence. 

Our space forbids that we should refer, otherwise than very 
briefly, to the benefits which the Earth derives from the 
influence of the Moon upon its waters. For the same reason 
we must refrain from discussing the somewhat complicated 
dynamical investigations involved in a proper explanation 
of the origin of the Tides.* But we may very positively affirm 
that if the tidal disturbance of our seas and rivers were to 
cease ; if they were to become stagnant, except so far as ocean 
currents and rainfall might affect them ; most disastrous con- 
sequences both to health and commerce would ensue. 

We can hardly over-estimate the vast benefit which the 
unceasing power of the tides confers, in sweeping away 
deleterious matter, in raising vessels into locks and harbours, 
in bringing merchandize up our great rivers, and in many 
other ways. It may also be that, some day, much of the 
immense energy provided by them, which is still unused, 
will be applied to drive machinery, or to compress air, or to 
generate electricity, which being economically carried to dis- 
tant points of application, may be utilized to an extent at 
present little imagined. 

Were it only for the beneficial influence of the tides, we 
might well be very thankful that the Earth possesses so 
influential a satellite. And this feeling is increased, when we 
bear in mind, that the knowledge of the Greenwich time at 
which the Moon is seen at a certain apparent distance from 

* For a most lucid and interesting description of Mr. G. H. Darwin's 
theory of tidal eyolution, affording reasons for believing that millions 
of years ago tides of much greater dimensions than those of the present 
time may have swept across the Earth ; as well as for an explanation of 
the connection between the Moon's distance, the tides, and the gradual 
lengthening of the Earth's day, we refer our readers to Dr. Ball's learned 
and eloquent lecture recently published by Messrs. Macmillan and Co., 
and entitled " A Glimpse through the Corridors of Time." 
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some suitably selected star, recorded in tables, suffices, by 
comparison with the local time at which it is seen to be at the 
same distance from the star, to enable the mariner, who, far 
out of sight of land, is cleaving his way across the pathless 
deep, to determine his longitude with an accuracy which is of 
much importance, notwithstanding that modern chronometers 
have been so greatly improved that, independently of lunar 
observations, they afford a still closer approximation to its 
true value. 

A due appreciation of the .Moon should therefore in no 
wise be wanting in a country whose maritime and manu- 
facturing interests are so important as those of England, or 
amongst the merchant princes of the city of London. It was, 
we think, very consistent with the distinguished position 
which Sib Thomas Grbsham held in our great metropolis, 
that in the foundation which he appointed by his will he 
directed that the Reader in Astronomy should pay special 
attention to the nautical branch of the science. Since his day, 
however, the confines of astronomical study have immensely 
widened, and nautical astronomy has been so much reduced 
to a series of routine calculations, by means of formulas and 
tables, that it is hardly possible, in a lecture such as the 
present, duly to explain what is more fitted for a class of 
students in navigation. Still it must not be forgotten that if 
any improvement is to be effected in the accuracy of our 
knowledge of the Moon's position, or in the methods by which 
that knowledge may be practically utilized, it must be by a 
due encouragement of suitable observations, and of the pro- 
gress of astronomical science in general. 

There was formerly a small observatory erected by the 
Gresham Committee (having the star 7 Draconis nearly in its 
zenith) in old Gresham College, which in its day was very 
useful, and in which Dr. Hooke appears, without knowing the 
meaning of his discovery, to have effected the first detection of 
the aberration of light We now rejoice in the existence, not 
only of the great national observatory at Greenwich, and of 
those connected with the universities of Oxford and Cam- 
bridge, but of several of comparatively small size, founded 
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by private munificence, the work accomplished in which is of a 
high order in skill and accaracy. Nor can we help feeling 
some slight sentiment of pride that so much has hitherto been 
accomplished by Englishmen in the cause of astronomical 
progress. But we fear that England is now being somewhat 
left behind in the race. Although some splendid examples of 
individual enterprise have recently been seen, in the mighty 
Ealing telescope, or in the instruments and expeditions of the 
noble owner of Dun Echt observatory, in which a devotion to 
science shines forth which worthily rivals that of the late and 
of the present Lord Rosse, — we find that the Austrian, the 
French, the Australian, and the American Governments can 
afford to purchase instruments far surpassing in size those in 
any English national institution ; while the recent munificent 
foundation of the Lick Observatory in California, under the 
will of a late wealthy citizen of that name in San Francisco, is 
a precedent so worthy of imitation, that we would fain hope it 
may ere long be followed by some in our own country who 
have money to spare and the desire to spend it well. 

As to the connection of the Moon with the Calendar, it is 
worthy of mention that even if the date of Easter depended 
(which it does not) upon the true date of the occurrence of a 
Full Moon upon, or after, the 21st of March, the festival might 
fall five weeks earlier, or later, in different parts of the United 
Kingdom, if local time were taken into account. And in this 
way, — that, in one town, the Full Moon might occur a few 
minutes before midnight on March 20th by local time; in 
another, a few minutes after that same midnight, or, in other 
words, very early on March 2l8t. The result would be, if the 
former date were a Friday, to affect the date of Easter for 
the places in question to the extent we have indicated; so 
that for the latter Easter Sunday would be five weeks 
earlier than for the former.* A similar result would be still 

* The rule at present is, that Easter Day is the Sunday next after the 
ecclesiastical Full Moon which happens on, or next after, March 2l8t. 
If, therefore, the date of the supposed full phase be 11.55 p.m., on Friday, 
March 20th, for any given place, the next following Full Moon would be 
on Sunday, April 19th, and Easter Day would be on April 26th. But if, 
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more likely to occur in different countries, whose clock times 
would vary according to the longitudes of their capitals, or of 
their principal observatories. The only way to secure the same 
date would be to agree to fix it according to the occurrence of 
Full Moon before, or after, the midnight of a given meridian. 

But apart from this, it is also to be observed that the true 
place of the Moon is not used at all, but a hypothetical Moon 
is substituted, whose supposed position at any time may differ 
by a day or two from that of the real Moon, and change an 
early into a late Easter, or vice versd. The movements of this 
imaginary moon are regulated in connection with certain 
ordinances of Pope Hilarius, of the date a.d. 463,* and are 
arranged in relation to what is termed the Metonic cycle, and 
to the present regulation of the calendar by the periodical 
introduction and omission of leap years, so as, by a very com- 
plicated system of Golden Numbers, Sunday Letters, ijpacts, 
etc., to keep it from wandering too far away from the place 
of the real Moon, and in a long course of time to maintain 
a sort of average agreement with it. 

But it would surely be much better, and more convenient 
to all, and especially to those whose holidays, or whose religious 
and other duties are connected with the date of Easter, if it 
could for the future be associated with the Moon only as a 
matter of tradition and history^ and, together with the other 
festivals dependent upon it, be made hjuced^ instead of a 
movable feast. The occurrence of Easter Day upon April 
25th, in 1886, the latest possible date, may perhaps awaken 

fty local time, at another place some distance to the east of the former^ 
the full phase should occur 10 minutes later, or at 0^ 5"* a.m. on the 
morning of March 2l8t, and that day shoiAd be a Saturday, Easter Day 
would be on March 22nd, or thirty-five days sooner. Local time, however, 
not being thus used, Easter Day, according to present arrangements,, 
never falls on April 26th, although it may be as late as April 25th. 

♦ See Sir E. Beckett's "Astronomy without Mathematics," p. 147 et seq. 
Also De Morgan in the " Companion to the Almanac '' for 1845. 

t That is of course with the limitation, according to the Kicaean rule 
and the general practice of Christendom, that Easter Day be observed 
upon a Sunday. We mean that it might be the nearest Sunday to, or (if 
it should be so preferred) the Sunday next before, or after, a certain fixed 
date. 
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the public mind to give more attention to this suggestion, 
which we thus venture once more to press upon their notice, 
although it has certainly been already put forward sufficiently 
often. 

As regards other influences attributed to the Moon, we may 
remark that we do not believe that any proof has yet been 
given that it rules the weather, or that it has any important 
power over health or disease. Moon-blindness, and other 
similar effects, are in general caused by the cold produced by 
radiation during exposure, not to the Moon's rays, but to a 
clear and unclouded nocturnal sky. Any apparent synchronism 
of the Moon's movements with the periodicity of the paroxysms 
of lunacy, or of other diseases, is probably, in most cases, either 
fortuitous, or is the result in the nervous system of a belief in 
such an effect, the belief causing its own apparent confirma- 
tion. There may, however, also be some cases in which the 
comparative absence of darkness during the nights near to the 
time of Full Moon may help to increase sleeplessness, and 
consequently aggravate the symptoms of mental disorder. 

But as regards the weather, it really seems absurd to speak 
of any connection between its changes and those of the 
Moon's phase. For the weather (at any rate in England) is 
almost always changing; and the Moon's phase does not 
change by jumps, four times in a month, from new to half- 
full, from half-full to full, and so on, but is also always and 
continuously changing. 

Those who believe that the phases of New, Full, and Half 
Moon in general affect the weather, may also be so good as to 
notice that such phases recur at intervals of about every seven 
days. If therefore (as we believe we have seen stated) the 
change of weather be considered to follow, or precede, any of 
these special phases within two days, the probability is in 
favour of such apparent coincidences being very frequent, even 
if they really have nothing to do with the Moon. Or to put 
it somewhat differently, it is very likely indeed, that, on one of 
a certain group of four days out of every seven, there will be 
some decided change in English weather. 

It may also be asked, in the case of occasional periods of 
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continued fine weather in our own land, and of still longer 
periods of such weather in other countries, during which the 
Moon passes through a whole series of phases, why is no 
change produced, if the Moon's changes have any real effect ? 

It must not, however, be forgotten that the Moon, when near 
to being full, reflects an appreciable amount of solar heat, as we 
have already mentioned that the careful experiments of Lord 
Rosse have proved ; and it certainly seems likely that this 
heat, especially before it has traversed the lower regions of the 
Earth's atmosphere, may have a tendency to disperse and dry 
up terrestrial clouds. This supposition has been confirmed by 
the result of long-continued observations, which indicate that 
near to the time of Full Moon the nights are less cloudy than 
at other times. If so, as the result of the more unimpeded 
radiation of the Earth's heat, they will also be decidedly 
colder. Such is the only effect upon the weather which we con- 
sider has at present been shown, with any probability, to be 
connected with the Moon. Other effects, some of them perhaps 
depending upon atmospheric tides, corresponding to the lunar 
and solar tides of our waters, may exist, but are as yet un- 
proved. It is possible that the delicate indications afforded by 
the large scale of the glycerine barometer (a comparatively 
recent invention), if carefully recorded for a sufficient length 
of time, may afford some information in this direction. 

Here we must regretfully leave the Moon, with the hope that 
our readers may have been so far interested by the remarks 
which our space has permitted, that they may be encouraged 
to pursue the subject by the study of some of the various 
able treatises in which they will find it more fully discussed. 
It is one of which we think none shoulA-^t^r be IWcay^^^e 

"The Moon 
Riding in clouded majesty, at l)LKt(u) ^ -^ V^ >' 
Apparent qaeen, unveila her peerks^^^lj J' yj\ - ** il''' 
And o'er the dark her silver mantle ^Jbwwp ' 

should tempt us to recur with unflagging energy and unabated 
zeal. 



to which each fair hour, when 
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LECTURE V. 

PTOLEMY versus COPERNICUS. 

" Wheu thej come to model heav'n. 
And calculate the stare, how they will wield 
The mighty frame ; how build, uubuild, contrive, 
To save appearances ; how gird the sphere, 
With centric and excentric. scribbrd o*er, 
Cycle and epicycle, orb iu orb." 

Milton, P. X., viii., 78. 

We have given the first place in our discussion of the Solar 
System to the Sun, its all-important centre. We have 
described the intensity of its heat, the hugeness of its size, 
the enormous attractive power by which it rules the orbits of 
planet and satellite, of comet and meteorite, as they run their 
courses round it. We have awarded the second place to the 
Moon, owing to the special interest that belongs to its close 
proximity to the Earth, and the many details that we are able 
to observe upon it. The various planets next claim our atten- 
tion. We shall find, however, that even those which approach 
the Earth most closely are so far distant that very few details 
can be detected upon them comparable with those which we 
see upon the Moon ; while others are so remote that our 
acquaintance with them is in every respect most limited. Not 
even the largest of them can emulate the Sun, either in size or 
heat, or in the wondrous phenomena of photosphere and spot, 
corona and rose-coloured prominence. And yet they are each 
and all most interesting. 

We can well imagine how the astronomer of ages long past, 
as he gazed at them from beneath the pure skies of the Chal- 
daean plains, and ever and anon saw Mercury glittering like a 
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tinted diamond in the eastern or western twilight ; or watched 
Venns wax and wane in brightness, until, at times, it was 
visible, day after day, even at full noon ; as he noted the blood- 
red fire of Mars ; the calm, but potent, radiance of Jupiter ; or 
the dull pale light of Saturn, — thought that each held rule 
over its own house, or sphere in the heavens ; that each exerted 
its own influence for bane or blessing on men's lives, on monarch 
and prince, on peoples and kingdoms. 

We shall presently discuss the various planets in their order 
of distance from the Sun, and give a brief statement of some 
of the most important discoveries made with regard to them, 
both before and since the invention of the telescope. We will, 
however, by way of introduction, first refer to a few points of 
interest connected with the nature of the planetary orbits in 
general, and explain the difference between the Copernican 
system of astronomy and that which prevailed before the 
beginning of the sixteenth century. 

We may assume that our readers believe with Copernicus 
that the Earth and all the other planets revolve around the 
Sun ; a theory the simplicity of which, when rightly under- 
stood, is so beautiful, and in such striking contrast with the 
complexity of any other, as almost of itself to convince an 
unprejudiced mind of its truth. In order, however, rightly 
to understand its beauty, a considerable amount of care and 
study are necessary, and the student must understand how 
complicated the apparent movements of the planets are, before 
he can duly appreciate the way in which they are explained 
by the extremely simple real movements, attributed to them 
by the Copernican theory. ■ ■■- 

If we could watch them all- from the Sun, or from some 
distant point of sight look down upon the planes of their orbits^ 
and take, as it were, a bird's-eye view of the whole Solar 
System, it would be comparatively easy to discover the laws 
that rule their ever-changing places. But, instead of thjs, their 
movements appear to us to be most remarkably complicated^ 
because we are forced to view them from the ever-moving 
standpoint of the Earth, as it speeds upon its rapid path through 
space ; from which it results, as we shall presently more fully 
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explain^ that they sometimes appear to be travelling amongst 
the stars from east to west ; at other times they seem to stand 
still ; then once more they change their course, and apparently 
move from west to east. Their apparent movements are 
occasionally very slow, at other times much more rapid. 
We are in no wise surprised that they long ago received the 




Fi«. XXIV.—Path of Mercury relatively to the Earth from 1708 to 1716, after Oassini 

title of Planets,* or wanderers in the heavens ; they cer- 
tainly might well have been termed very erratic travellers 
indeed. So peculiar are the paths which they appear to 
traverse when watched by an observer upon the Earth, that we 
think it may be well, before we proceed any further in our 
discussion, to ask the attention of our readers to some diagrams, 

* From the Greek irkcofqrrjs, a wanderer. 
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in which they are illustrated. In Fig. XXIV., for instance, 
we have a copy, upon a reduced scale, of a diagram of the 
apparent path of Mercury, relatively to (or, in other words, as 
seen from) the Earth, between the years 1708 and 1715, which 
was presented to the French Academy of Sciences by J. D. 
Cassini, on August 7th, 1709 ; the dotted line, about half-way 
between the greatest and least distances of the planet, being 
intended to represent the apparent annual path of the Sun. It 
is of course to be understood that by the apparent path of any 
planet we refer to its movements relatively to the fixed stars, 
amongst which it appears to journey, as the result of its onward 
progress in its orbit, quite apart from, and in addition to, the 
apparent daily motion which it has around the Earth from east 
to west, in common with the Sun, the Moon, and all the stars, 
as the result of the Earth's rotation upon its axis from west 
to east. 

In Fig. XXV., which is a copy of a portion of another by 
Oassini, and which, so far as it extends, is drawn to the same 
size as the original, we see a similar representation of the 
apparent paths of the two great planets, Jupiter and Saturn.. 
The Earth, which, in order to save space, is not represented in the 
diagram, must be supposed to be situated some way beneath it, 
so that it would be in the centre of the series of loops, in the 
complete figure, which Jupiter would appear to describe around 
it in about 12 years, and Saturn in about 29\ years. So far as 
we have copied Cassini's drawing, the apparent path of Jupiter 
is shown for about three years, beginning with the middle of 
the year 1716; and that of Saturn for about four years, from 
the middle of the year 1708; the monthly places of the planets 
being indicated by small dots. 

. Whether, then, we observe a planet whose orbit lies between 
the Earth and the Sun, such as Mercury (technically called an 
inferior planet), or one such as Jupiter or Saturn, whose orbit 
is outside that of the Earth (technically called a superior 
planet), it is found, as these diagrams show, that, in either case, 
the planet appears to pursue a lengthened onward course; then 
it pauses, in order, as it were, to double back for a shorter 
period upon its previous path ; after which, having made 
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another brief paase^ it once more goes forward with increased 
speed, as thoagh to make np for its lost time. It is well to 
remember that its backward motion is generally termed its 
retroffression, its forward motion its progression^ and the 
pauses between the two, its stcUions, or stationary 'points. It is, 




Fitf. XXV.— PoriionB of the apparent paths of Jupiter and.gjBktum, as seen frojn the Barth, 
according to Cauinl 

moreover, important to observe, that the diagrams also indicate 
that the reversed motion occurs when the planet is particularly 
near to the Earth. 

In addition to the reduced view of the complete drawing of 
Cassini of the apparent path of Mercury during certain years, 
we will also give in our next three figures, portions (similarly 
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reduced in scale) of his d'agrams of the apparent paths of 
Mercury, Venus, and Mars, as they are seen from the Earth, 
inasmuch as we think that the complication of the whole of 
such a drawing as that in Fig. XXIV., makes it difficult to 
realize, so well as in a simpler figure, the actual character of 
the apparent curve described. We have also adapted the 
paths shown to morj recent dates. 

In Fig. XXVI. the apparent path of Mercury as seen from the 
Earth is drawn for a period of about one year; and a somewhat 




Fig. XXVI.— Apparent path of Mercury as seen fromihe Earth di^ringpvt of 
the years 1831 and 1^^. 

careful consideration of the diagram may show that an interval 
of about 116 days occura between the beginning or the ending 
of two successive epochs of the planet's retrogression, or between 
its being twice in the position of its nearest approach to the 
Earth. 

In Fig. XXVII. the apparent path of Venus is represented for 
about two years, its monthly places being marked by small 
dots. This diagram also indicates that the interval between 
two successive nearest approaches to the Earth is very nearly 
If years (or about 584 days); one such approach tt^kin^ pl^e 
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as the dots show^ aboat the beginning of May 1881, and the 
next early in December 1882. 

Fig. XXVIII. in like manner shows the apparent path of 
Mars, in 1877, 1878, and 1879; the average interval between 
its nearest approaches to the Earth, or (very nearly) between 
its being twice seen in succession in opposition to the Snn, 
being about 780 days. 

We may remark in passing that the interval between two 
near approaches of Jupiter, or Saturn, to the Earth, differs but 
little from a year, as may be seen by a reference to Kg. XXV., 




Fig. jUl V iL •^Apparent path of Venas, as seen from the Earth, frcm Febmaiy U81 to 
^February 1883. 

it being for the former 399, and for the latter 378 days; while 
for Uranus or Neptune the excess over 365 days is still less. 

Now it cannot be denied that these apparent paths are 
so complicated in their forms and periods of description, that 
the ancient astronomers and geometricians may have often 
been almost tempted to give them up in despair as inexplic- 
able. And yet there is one additional peculiarity which they 
must have especially felt they were bound to explain ;— one 
which is involved in all the above diagrams, although for 
simplicity's sake we have only distinctly indicated it in 
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Fig. XXV., iD which the apparent annual path of the Sun is 
also shown. We mean that Mercury and Venus are always- 
observed in close apparent proximity to the Sun, while all the 
other planets may be seen at any distance from it, and even in 
the verj^ opposite part of the Zodiac, or belt of the heavens iu 
which their paths lie, to that in which the Sun is found at any 
given time. 

Let us therefore consider a little more particularly the various 
observations of the planets which it was possible to make 
before the invention of the telescope, so that we may the better 




Fig. X>L\ III.— Apparent path of 34aw, a^ seen Horn iLv Jtaith, in lb77, lfe78, and 1878. 

understand what the ancients knew, and appreciate the skill 
with which the theory of the movements of the Solar System, 
which was invented and elaborated by Hipparchns, Ptolemy, 
and their successors, was contrived to explain what seemed to 
be so complicated. 

To begin with the planet Mercurj', it must be remembered 
that it was never very easy to see it, even when it was most 
favourably situated, owing to the strong glare of the morning 
or evening twilight. The first important step towards the 
determination of the true nature of its orbit was the discovery 
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that the two bodies, which, as the result of the earliest observa- 
tions, were believed to exist, and periodically to appear upon 
opposite sides of the Sun, never showed themselves together, 
and were really one and the same. To this earlier supposition 
we may attribute the traditions which have come down to 
us of the double appellations Set and Horus amongst the 
Egyptians, Rouhineya and Boudha amongst the Hindoos, 
Hermes and Apollo amongst the Greeks, which are said to 
have been used for Mercury ; the name of Apollo (as the God 
of the Day) having been probably given to it when seen as 
a morning star before the same name was in later times 
appropriated to tlie Sun. So, in like manner, Venus, as a 
morning star, was called €o)<r<^o/3ov, ie., the bringer of the 
dawn, or <f)a>{r<f>6pof;y the bringer of light (in Latin "Lucifer") ; 
and &-7re/>o9(in Latin ''Hesperus"), as an evening star.* 

It was, however, much more easy in the case of Venus, than 
in that of Mercury, to recognize the oscillation from one side of 
the Sun to the other, because it was possible to watch the planet 
through so much longer a proportion of its path. Indeed, we 
cannot but think that, if the ancients had not been hampered 
by an intense belief in the immobility of the Earth, as the 
centre about which the Sun and all the other heavenly bodies 
revolved (a doctrine, the denial of which, even in the time of 
GaJileOjt was thought to be the part of a heretic, owing to a 

* See Homer, " Hiad," xxiii. 226 :— 

^HfjMS d' *E«nr(P6pos curi, <^oo»£ tptav tnl yuiav, 
"Ov t6 fura KpOKoirtnkos imtlp Ska Kidvarcu ^«f. 

(^^ When the Dawn-bringer arrives, proclaiming light o'er the Earth, 
after whom the saffiron-vested mom is diffused o'er the sea/') 
And " Diad," xxii. 318 :— 

"Eairtpos bs KoKkicrros cV ovpav^ torarai aorffp, 

(" Hesperus, which is placed the brightest star in heaven.") 
Compare also Milton, " Paradise Lost," Book V. : — 

" Fairest of stars, last in the train of night, 
If better thou belong not to the dawn." 

t In his recantation, when seventy years of age, Galileo was forced to 
say that he allured, cursed, and detested , the absurdity , error, and heresy of 
the motion of the Earth, 
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misinterpretation of such texts as are quoted below),* they 
must have discovered, first in the case of Venus, and after- 
wards in that of Mercury, that these two planets were revolving 
round the Sun in orbits such as we now know that they 
possess ; whatever they might have thought about Mars, 
Jupiter, and Saturn. But while they held to the above belief, 
it was necessary, in oi'der to account for the apparent planetary 
movements, to invent a curiously complicated system, which 




Fig. XXIX.— Cycles and Epicycles of Venus and Mercury. 

is generally known as the Ptolemaic System of Cycles and 
Epicycles. This we proceed to explain. 

So far as it applied to such planets as we now know to have 
orbits within that of the Earth, its chief features are shown in 
Fig. XXIX. ; in which b is supposed to be the Earth, while 
the circle passing through s is the apparent orbit of the Sun 
around it. Between that orbit and the Earth, Mercury was 

* Psalm civ. 6, P. B. Version : '* He laid the foundations of the Earth 
that it never should move at any time." Psalm xciii. 2 : ^* He hath made 
the round world so sure that it cannot bs^moved.*' 
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supposed to move in the following manner. First of all it was 
arranged that a point, Pj (tenned a deferent, or carrier), should 
be conceived to travel uniformly round e in a circle, or cycle, 
once in every 365| days. This large. circle was called a 
deferent cycle. While this point, Pi, thus moved, it was 
imagined that Mercury was in some way whirled round it, 
once in every 116 days, in an epicycle, or superimposed and 
much smaller circle, which was carried along by Pi. 

A similar arrangement, at a greater distance from the Earth, 
was assumed for the planet Venus, as is shown in the dia- 
gram. It was also supposed that, the centres of the two 
epicycles of Mercury and Venus (viz., Pi and Pj) moved so as 
always to lie in a straight line joining the Earth and the Sun. 

It is not hard to see that, if suitable velocities be assigned 
to Venus and Mercury in their epicycles, such an arrangement 
would account for the principal peculiarities in their move- 
ments which we have hitherto described. They would evi- 
dently appear to oscillate within certain limits on either side 
of the Sun, which limits, as observation easily proved to be the 
case, would be greater for Venus than for Mercury, because of 
the larger epicycle belonging to the former. They would also 
alternately be brought nearer to the Earth, and removed farther 
from it. And, supposing that the velocity of either of them in 
its epicycle, when nearest to the Earth, was sufficiently great, 
it is evident that the planet might, in spite of the onward 
motion of the centre of its epicycle, appear to move for a 
time in the reverse direction, as the arrows in the diagram 
indicate. In this way their periodical retrogressions might be 
explained. 

Any requisite variations of speed in describing the epicycle, 
as well as certain other irregularities of movement, were ac- 
counted for by placing additional epicycles upon those already 
mentioned; that is to say, instead of the planet Mercury 
moving in the epicycle shown in the diagram, another point 
was supposed to do so, which carried with it another smaller 
circle, or additional epicycle, in which the planet might move 
around it. In this way several epicycles were successively 
superimposed, as they were required. It was also found neces- 
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sary by some of the astronomers of old to imagine that the 
Earth was not actually in the centre of the principal or deferent 
cycles, but somewhat eccentrically situated. 

We need not, however, enter more minutely into these 
refinements of that ancient Ptolemaic system which has long 
been altogether extinct. Nevertheless we must allow that it 
displayed remarkable skill and ingenuity, and that it afibrded 
a geometrical explanation of most of the peculiarities of the 
movements to which it was applied. At the same time, it was 
certainly altogether inconsistent with any true theory x>f the 
attraction of matter upon matter; an inconsistency which we 
believe the astronomers of those days would not have failed to 
perceive, if only they had been acquainted with the great law 
of gravity. As it was, they did not realize that the imaginary 
movement of points, such as those which were supposed to 
travel in the larger cycles, apart from the existence of attrac- 
tive matter in them, was really an impossibility. 

The Ptolemaic system would also doubtless have been given 
up long before it was, and probably before it had been so 
greatly elaborated by the heaping of epicycle upon epicycle, 
if its votaries had possessed any telescopic aid to their vision; 
for it would, in that case, have been possible for them to have 
measured the discs of Mercury and Yenus from time to time, 
and it would have been found that no such arrangement as we 
have described could accurately correspond to their apparent 
changes in size, and their consequent changes in distance from 
the Earth; although, as far as rough observations with the 
naked eye were concerned, the agreement appeared to be satis- 
factory. It is also evident from our diagram that Venus and 
Mercury, according to the Ptolemaic system, would turn the 
unilluminated sides of their discs towards the Earth, when at 
their furthest from it, as well as when at their nearest to it; 
whereas a telescope at once shows that, in the former case, the 
discs are fully illuminated; which single fact is, in itself, suffi- 
cient to prove that they have passed to the opposite side of the 
Son, although the true nature of their orbits is still more 
clearly demonstrated by telescopic observations of the whole 
coarse of their intermediate phases. 
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We do not forget that in the ancient system of the Egyp- 
tians, notwithstanding that the Sun and the other planets 
were supposed to circle round the £arth, i^n exception was 
made in the case of Mercury and Venus, to which a special 
rotation round the Sun as a centre was assigned. We have 
also read that Aristarchus of Samos, and Cleanthes of Assos, 
about 270 B.C., were (as it was then doubtless considered) so im- 
pious as to suggest that the Sun, rather than the Earth, was the 
centre of the celestial movements. But these opinions gained 




Fig. XXX.— Cycles and Epioyclefi of Man (M), Jupiter (J), and Saturn (S). 



little or no credit, and were no doubt looked upon as wild 
vagaries. The system of cycles and epicycles was therefore 
extended so as to embrace Mars, Jupiter, and Saturn. Its 
application to those planets is illustrated in our next diagram^ 
Fig. XXX. 

In order to represent their apparent motions it was found 
necessary to suppose that the centres of the epicycles respec- 
tively described their cycles in rather less than 2 years for 
Mars, in rather less than 12 for Jupiter, in rather less thaa 
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29^ for Saturn; while in each case the epicycle was described 
by the planet in one year^ and in such a manner that the radiuH 
from its centre to the planet, viz., pm, or pj, or PS, would point 
directly tcmards the Earth, whenever the planet was seen in a 
direction exactly opposite to that of the Sun (or, as it is termed, 
in Opposition), and directly/r(w» the Earth, whenever the planet 
was seen in the same direction as the Sun (or, as it is termed, 
in Conjunction). 

It also followed, as a geometrical consequence of the above- 
mentioned conditions (the movements being supposed uniform), 
that the radius of each epicycle must (it all times be parallel 
to a line joining the Earth and the Sun, as is shown in 
Fig. XXX. ; but we are not quite certain how far this last 
fact was qlearly understood ; nor are we sure that the exact 
yearly period of Mars in its epicycle was ftilly realized. For, 
if all this had been duly appreciated, we should suppose that 
a simple application of such geometrical principles as the 
mathematicians of those days were perfectly acquainted with, 
would have led them to argue as follows : — Bie movement 
of each planet in its epicyde being the same^ such movement 
is probably only apparent^ and caused by a real movement of 
the Earth, according to the law, that, if an observer be situated 
upon a moving body, the apparent motion produced in any- 
thing which he looks at, will be just the same as if he were 
brought to rest, and a velocity, the reverse of his own, were 
communicated to the other body. 

We have stated that each of the exterior planets was neces- 
sarily supposed to describe its epicycle in one year; nevertheless, 
it should be noticed that Jupiter and Saturn would occupy 
somewhat longer than a year in describing complete loops 
of their respective apparent orbits (such as we showed in 
Fig. XXV.) ; because the onward march of the centre of the 
epicycle would prevent the radius joining it to the planet, from 
pointing again to the Earth at the end of one epicyclic revolu- 
tion. Before it could do so the radius would need to turn 
round through an additional angle equal to that which the 
centre had in the meantime described round the Earth. This 
may be easily seen in the subjoined view of one of the loops 

uigiiizea oy x_j v,/ v^ pit Iv^ 



112 PTOLEMY versus oopkrnicus, 

•of Jupiter's apparent orbit, taken from Cassini's drawing, 
and somewhat reduced in size. 

In the above diagram a, b, c, etc., represent successive posi- 
tions of the point p, or centre of the epicycle (see Fig. XXX.); 
•a, b, c, etc., corresponding positions of the planet, which are of 
course always at the same distance (viz., the radius of the 
epicycle) from the moving point p. By actually marking off 
the points a, i, etc., and drawing a curve through them, it may 
easily be seen how the peculiar looped form of the apparent 




Fifl- YYYT Showing that Jupiter occapies somewhat more than a year in describing 
** ''*-'*-^' one complete loop of its apparent orbit 



-orbit arises. The fact, however, to which we at present wish 
to draw attention is— that, when the centre of the epicycle has 
reached h, so that its radius uh is parallel to Aa, the planet 
would have been once completely round it, and the time thus 
occupied, according to our previous statement, would be equal 
to one year; but it is clear that it would be necessary for the 
centre of the epicycle to move on to k, and the planet to *, 
.before the radius would once more point to the Earth, and an 
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entire loop of the apparent orbit be completed. The additional 
time involved, proves, in tlie case of Jupiter, to be 33 days, 
and in the very similar case of Saturn, 13 days. 

We have thus far refrained from any special reference to 
the case of Mars, because it happens that the circumstances 
involved, and the figure necessary to explain them, are much 




Fig. XXXII.— Showing, bv means of a Cycle and Epicycle, that Mars takes more than 
two years to describe one complete loop of its apparent orbit. 

more complicated. We will now, however, put before our 
readers a drawing, which may perhaps suffice to show, that, if 
Mars be supposed to revolve once round its epicycle in a year, 
while the centre of the epicycle rotates round the Earth in 
687 days, the planet must perform more than two complete 
revdutions in the epicycle, and occupy more than two years in 
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describing one complete loop of its apparent orbit ; or in 
journeying between two successive positions in which the radius 
of the epicycle passing through it will also point exactly 
towards the Earth. 

In the above figure, Pj, p,, P3, P4, P5 represent successive 
positions of the centre of the epicycle half a year apart. In 
each case the epicycle is shown drawn round its centre. M]^ 
H2, M3, M,4 M5, are the corresponding positions of Mars. Now, 
if the position of Pi be supposed to correspond with such a date as 
September 5th, 1877,* the line p^Mi must point exactly towards 
the Earth, as Mars was then in opposition to the Sun. If 
Ps be the place of the point p half a year afterwards, P2Mf, 
will point in an exactly parallel, but opposite, direction, Mars 
having gone half-way round the epicycle. Similarly PgMj,. 
and P4M4, will, at the end of successive half-years, be parallel 
to the same direction. This will also be the case with TiUs,. 
at the end of two years, in which time p will have gone about 
IxVth times round its cycle. By November 12th, 1879,» p will 
have reached the position Pe, the line p^Mg pointing once more 
exactly towards the Earth, and Mars being again in opposi- 
tion, after having occupied 798 days (or rather more than the 
average interval of 780 days) in describing one complete loop 
of its apparent orbit. By taking intervening positions of p 
and of Mars, it is easy, even for those who are unaccustomed 
to mathematical diagrams, to see that a looped curve, indicated 
by dots in the figure, and exactly corresponding in form to that 
of Cassini in Fig. XXVIII. (although reversed in position), will 
pass through the various places of the planet, and represent 
its apparent orbit as seen from the Earth. 

We have taken some trouble to explain the way in which 
this curve may be drawn, because it is important to observe,. 

* Strictly speaking, owing to the elliptic form of the orbit of Mais^ 
and also (although in a much less degree) to that of the orbit of the 
Earth, the actual nearest approach of the two planets does not take place 
exactly when Mars is seen in opposition to the Sun, as it would if the 
orbits were circular. In 1877 it occurred three days^ and in 1879 as much 
as eight days, before the opposition. But the difference of distance 
involved is so slight, that we have thought it better not to attempt to- 
indicate it in the curve in our diagram. 
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that the comparatively slow rate at which the Earth gains 
upon the planet Mars while it describes its >eal orbit around 
the Sun, causes the latter to be thus long in performing one 
complete loop of its apparent path, and makes the investiga- 
tion of that path so much more complicated than in the case 
of the more distant exterior planets, Jupiter and Saturn, not- 
withstanding that the principle upon which the paths are 
drawn is in all the three cases exactly the same. We also 
wish our readers especially to notice that it is this complication 
in the case of Mars which has led us to doubt (as we have 
already stated) whether the sages of old properly grasped the 
feict that the revolution of these three planets in their epicycles, 
which the Ptolemaic system required, was, in every ease^ of a 
year* 8 duration ; or that the radius joining them to the epi- 
cycle's centre must all the year thnrngh be parallel to a line 
joining the Earth to the apparent place of the Sun, although 
we feel no doubt that they perceived that it must point directly 
to or from the Earth at those special times when the planet 
alternately appeared to be in conjunction with, or in opposition 
to, that great source of light from whose just claims they 
derogated, by unfortunately refusing to allow it to be the 
centre of every planet's motioa* 

For Mars, and Jupiter, and Saturn, other subsidiary and 
smaller epicycles were supposed to be superimposed upon the 
larger ones, as in the case of Venus and Mercury ; and by a 
further refinement upon the system as originally invented, the 
Earth was also considered to be somewhat excentrically situ- 
ated in the midst of the whole. But into these points we will 
not enter ; nor need we discuss at any length the way in which 
the alternations of the apparent brightness of the planets were^ 
in some degree, supposed to be caused by their being carried 
round in connection with crystal spheres, which were believed 

* For farther information on this subject we refer our readers to- 
Newcomb's *^ Popular Astronomy)" in which it is very fuUy and exceUently 
explained. Those who do not possess this somewhat expensive work 
may see it in the valuable Ubrary of the Corporation of London, which^ 
we rejoice to know, is open freely to the public until 9 p.m. throughout 
nearly the whole of the year ; and for which we believe that copies of 
every important work on Astronomy are invariably provided. 
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to be of considerable thickness, and in which, in some rather 
unaccountable way, each planet was made to travel, sometimes 
nearer to the outer surface and sometimes nearer to the inner 
surface of its corresponding sphere. 

It may, however, be interesting to remark, as regards this 
last supposition, that one of the most extraordinary ideas of 
the ancient astronomers and one which proves how deeply 
fixed was their belief in the immobility of the Earth was, that, 
in place of attributing the apparent daily motion of the Sun, 
Moon, Planets, and Stars, to the rotation of the Earth upon its 
axis in a contrary direction, they believed this part of their 
movements to be caused by their connection with a series of 
crystal spheres (or rather, spherical surfaces), situated at suc- 
cessive distances from the earth, which turned round once in a 
day. These were supposed to be made of some crystalline 
substance, in order that it might be possible to see through 
them just as if they did not exist. This notion, as to the 
material of which they were made, may well be compared with 
the reason which was at the same time assigned for the 
inaudibility of the celestial harmony caused by the beautifiil 
accord of their imaginary movements ; viz., that all mankind 
had been so continuously accustomed to it from their birth 
as to take no notice of it. 

In, or upon, their corresponding spheres, and controlled by 
their cycles and epicycles, a certain liberty of movement was 
allowed to the Sun, Moon, and Planets ; while the fixed stars 
were supposed to be so fastened to their own appropriate sphere 
beyond that of the planets, that they kept their relative 
places unchanged. Outside all was located what was termed 
the Frimum Mobile, or a sort of general grinding-machine, 
whose province was to keep the whole series in perpetual 
rotation. We, who now know so much better, can under- 
stand that it could only have been from the want of any true 
idea even of the planetary distances, much less of those of 
the stars, that the belief in the possibility of their describing 
day by day, round the Earth, the huge orbits which those 
distances would involve could have existed so long as it did. 

Such, then, were the main features of the old Ptolemaic 
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system, which, dating (in its earliest fonn) at least from the 
second century before Christ, was so carefully elaborated, so 
persistently maintained. By way of contrast to it, let us 
describe the true theory of the Solar System, first published 
by Copernicus, upon his dying bed, in his great work "2>^ 
Revolutionibm Orbium Ccelestium^^'* a.d. 1543 ; and afterwards 
more fully elucidated by the investigations of Kepler, Newton, 
and others. 

Its first assertion is, that the apparent daily motion of the 
stars from east to west, to which we have already referred, ad 
well as .a corresponding part of the motion of all the other 
heavenly bodies, is to be explained by the rotation of the Earth 
upon its axis in the opposite direction, viz., from west to east, 
once in every 23 hours 56 minutes ; the deficit of about 4 
minutes, by which this period falls short of 24 hours, being 
caused (as we shall presently explain in Lecture IX.) by the 
motion of the Earth in its own orbit. 

The Sun is taken as the controlling centre of the movements 
of all the planets. 

In order from it,— see Pig. XXXIII., in which the size of 
the various orbits is indicated as nearly as possible upon a 
correct scale,— there revolve 

MiUlona IfUes 

of Days. Years. per 

, Miles. Hour. 

i"SSSe"^r 36 -periodofl 88 {.^.f J vSSSy 107.000 

( about ) '^ ^^"^^ ' (of about) 

Vmrus » 67 „ 224^ „ A » 78,000 

ThbEibth „ 93 „ 365J „ 1 „ 67,000 

HAB8 „ H2 „ 687 „ IJ ,, 54,000 

JupiTBE „ 484 ,, 4,333 „ llf „ 29,000 

SAiuar , 887 „ 10,759 „ 29^ „ 22,000 

Ubahtjs „ 1,785 „ 30,688 „ 84 „ 15,000 

NBWuiri . . „ 2,796 „ 60,181 „ 164| ,, 12,000 

After a most laborious comparison of numerous positions 
of the planets, and more especially of those of Mars, it was 
discovered by Kepler, early in the 17th century, that their 
orbits round the Sun arc not circles, but slightly oval curves, 
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called Ellipses, two specimens of which, of different d crf^^® ^^ 
ovalness, are shown in the following diagram, pj^^ V^^^^* 
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An Ellipse is the curve described by a point p, which moves 
so that the sum of its distances from two other given points, 
8 and Hy remains constant. It may in practice be most easily 
drawn by fastening a thread, or string, at s and h ; the point 
of a pencil which is carefully moved so as to keep the string 
stretched will then describe the curve. ^ 

s and H are called the Foci of the Ellipse, c half-way between 
them is its centre. The ovalness of the curve depends upon 
the proportion which the distance sh bears to the longest 
diameter ashz, which always equals in length the sum of the 
two lines sp and hp. This diameter is generally termed 
the Major Axis ; another at right angles to it through o being 
called the Minor Axis. If s and h are brought together to c 




Fig. XXXIV.— Two EUipfles of different dei?rees of ovalness. 

the ellipse then becomes a circle. The ovalness is not very 
apparent to the eye, unless the Foci are considerably removed 
from c towards a and z. It is found, for instance, that 
unless sc be greater than |th of ca, the semi-minor axis 
€B will not differ from the semi-major axis ac by more than 
/ijth part of the latter ; the approximate rule for obtaining the 
difference in any particular case being, to square the number of 
times that ca contains cs, multiply by two, and take the result 
as the denominator of a fraction with a numerator unity, which 
will indicate to what extent bc will fall short of ac. For 
example, if cs equals ^th of ca, then twice the square of 
60 being 7200, bc will only fall short of ac by a Tinnjth 
part. The above rule depends upon the properties of an ellipse 
which are proved in treatises upon Conic Sections. ^ 
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The difference of ac and bc in any orbit is not, however, a 
very important matter. On the contrary, the difference of the 
greatest and least distances of a planet from the Sun, which 
may be represented respectively by sa and sz, is of the utmost 
importance. 

The only remarkable fact connected with the point b is that 
BS is found to be always equal to ca or cz ; i.e.y to one-half of 
the sum of sa, the greatest distance from s, and sz, the least 
distance from s, in consequence of which bs is often called the 
Mean Distance. We may also observe, that, in such a case as 
that which we previously supposed, in which sc equals |th of 
AC, the difference of the greatest and least distances from s 
will be twice sc, or |ths of ca (or sb), the mean distance. It 
is interesting to notice that such a degree of ovalness as this 
corresponds very nearly to that of the orbit of the planet 
Mercurj^, and is more than double that of the orbit of Mars ; 
while it much exceeds that of the orbits of any other of the 
principal planets. And yet, according to the rule previously 
stated, such an orbit would only vary from a circular form, so 
&r as to make the difference of its greatest and least distances 
from its centre^ c, amount to about ^V^h part of the larger, 
which in the case of Mercury would be about 866,000 miles. 
The fact of the Sun being situated at a point corresponding 
to s and not to c, in the case of such a planetary orbit (which 
was Kepler's first great discovery), has therefore a much more 
impoi'tant effect in causing the distance of a planet from it to varj-, 
than the actual deviation of the orbit from a circular form ♦ 
would produce if the Sun were situated at its centre. 

When Sir Isaac Newton, near to the close of the seventeenth 

* It is found, that if we denote the ovalness of the orbit by the ratio of 

C8 to CA, i.<?., by tth for that of Mercury :— 

it will only be about .... lii^th for Venus, 

about .... i/^th for the Earth, 
rather mere than ,\th for Mars, 
about .... Vt^^ ^01* Jupiter, 
rather mere than ^,th for Saturn, 
rather less than ^th for Uranus, 
rather more than jij^ih for Neptune ; 

the largest of which fractions is less than one-half of that for Mercury. 
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century, subsequently discovered the great law of gravity, viz.,. 
that every particle of matter in the universe attracts every 
other particle with a force which is proportional to the inverse 
square of their distance apart, he showed that two other laws 
of the planetary movements, which Kepler also discovered, as 
well as the law to' which we have just referred, were necessary 
results of gravitation. Let us, therefore, now state all three 
of these important laws in as accurate and simple language as 
possible. 

Kepler's first law is : T/ie planets rotate round the Sun in 
ellipses J each qfwhioA has the centre of the Sun as its focus. 

If we speak somewhat more accurately, we may say, that 
the common centre of gravity of the Sun and any particular 
planet is the focus about which (so far as those two bodies are 
concerned) they both describe an ellipse; — the planet a large 
ellipse, the Sun a small one. It is, however, also true, that 
the orbit of any planet relatively to the Sun (apart from any 
perturbations caused by the attraction of the other planets), i& 
an ellipse as stated by Kepler, although the Sun is always- 
moving round about the common centre of gravity of itself and 
all the planets, from which the average distance of its centre is> 
about half-a-million of miles. 

Kepler's second law is : — The velocity of each planet is 
greatest when it is nearest to the Sun, and less when further 
away, and in exactly such a proportion as involves the follow- 
ing rule : — 

The area formed by the curved path of any planet^ in any- 
given time, and the straight lines joining its places at the end 
and the beginning of that time to the Sutij is always proportional 
to the time in question, or always the same, in tlie same length of 
time, for any given planet. 

This is illustrated by Fig. XXXV., in which the areas 
8ML, SF£, sxY, are supposed to be described, each in the same 
interval of time, around the Sun (s) ; and, consequently (by 
the above law), to be equal to one another ; the actual por- 
tions of the curved path, viz., ml, fe, xy, described by the 
planet, decreasing in length as its velocity diminishes with its 
increase of distance from s. 
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Kepler's third law, which is of very great value, may be 
stated as follows : — 

If fce take the mean distance of any planet from the Sun^ 
and the periodic time in which it goes once round its orbitj the 
ratio of the square of the time to tfie cube of the distance will 
be found to be the same for all the planets. 

This may, ])erhaps, be best illustrated by one or two simple 
examples, aJthongh only approximately, and not so as to show 
the beautiful precision with which the law holds good. For 
instance, the mean distance of the Earth is 2*6 times that of 
Mercury, and its period is 4*2 times. The square of the latter 
number is 17*64, while the cube of the former is 17*576, both 
of which, to one place of decimals, give the same result, 1 7*6. 




FiK. XXXV.— Kepler's Second Lbw : A planet describes <Kiual areas roand the Sub 
in equal times. 

Again, the period of Uranus is close upon 84 years, and 
S4 squared is equal to 7056. The distance of Uranus is very 
nearly 19*18 times the Earth's, which number cubed produces 
7055*8, the result being therefore in almost exact agreement 
with the law. 

So, if a new planet were found, and its j)eriod were observed 
to be five times that of the Earth, we should be able, by 
squaring 5 (which gives 25), and taking the cube-root of 
this square, which will be rather less than 3, to say at once 
that its distance from the Sun must be rather less than three 
times the Earth's distance. 

In connection with this mention of the planetary distances, 
we may as well allude in passing to the curious relation exist- 
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ing between them, first announced by Titins, in a translation 
of Bonnet's " Contemplation de la Nature," published at 
Leipzig, in 1766, which, being afterwards brought into more 
general notice by Bode, about a.d. 1778, is consequently usually 
termed Bode's Law. A series is formed by taking the number 
4, and adding to it in succession 3, twice 3, four times 3, eight 
times 3, sixteen times 3, and so on; so that we obtain the 
numbers: 

4, 7, 10, 16, 28, 52, 100, 196. 
These numbers, if we pass over the fifth (which, however, 
corresponds to the gap between Mars and Jupiter, in which so 
many small planets have of late been discovered), are found to 
agree very approximately with the ratios of the distances of 
Mercuiy, Venus, the Earth, Mars, Jupiter, Saturn, and Uranus, 
Aom.the Sun. For if we multiply the terms of Bode's series 
respectively by 10, we obtain : 

40, 70, 100, 160, 280, 620, 1000, 1960 ; 
whereas, if the Earth's distance be represented by 100, the 
actual distances of the various planets are respectively ; — 

for Mercury Venus the Earth Mars Jupiter Saturn Uranus 

AS the numbers 39 72 100 152 520 954 1918. 

The near agreement of these two sets of numbers is there- 
fore very remarkable. The rule, however, fails for the last- 
<iiscovered migor planet Neptune, the next term of Bode's 
43eries being 3880, which differs greatly from the number 3005, 
which would represent the real value. 

The truth is that Bode's arrangement hardly deserves to be 
termed, as it frequently is, a law, no theory having yet been 
suggested which gives a satisfactory reason for its existence, 
Although occasional attempts have been made to connect it with 
the gradual formation of the planets in succession, according to 
Laplace's nebular hypothesis. It bears no comparison with 
the three laws of Kepler, which, although originally discovered 
without their cause being understood, have since been proved 
to be, in the very strictest and minutest possible degree, 
necessary consequences of the action of gravitation. Bode's 
so-called law must at present be looked upon as little more 
than an example of a curious coincidence. 
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Thus far, then, we have shown that it is principally to Coper- 
nicus that we owe the credit of the promulgation of the all- 
important statement that the planets revolve in orbits round 
the Sun ; while we are indebted to Kepler and to Newton for 
our knowledge of the more accurate nature of those orbits 
involved in the laws we have just described.* 

But we have not yet seen how the Copernican theory accounts 
for those special phenomena of the apparent planetary move- 
ments, which called forth the complicated cycles and epicycles 
of Hipparchus and Ptolemy, nor have we, as yet, contrasted 
the explanation afforded by it, with that which so long held 
its ground amongst the philosophers of old. In other words, 
we have to show how so simple an arrangement as that theory- 
involves, of the movements of the planets with regard to the 
Sun, involves all those intricate orbits seen from the Earth,, 
with the description and illustration of which we commeiiced 
this lecture. 

To begin with, let us take the case of Mercury or Venus,, 
whose apparent movements, as we have already seen, differ 
in certain important respects from those of the other planets. 
It is, we think, very easy to understand, that, if they move, 
according to the assertion of Copernicus, in orbits round the 
Sun as a centre, within the Earth's orbit, they must appear to- 
oscillate from side to side of the Sun within a certain distance 
of it, which distance will be much less for the former than for 
the latter planet. It also follows that the greatest apparent 
distance of either of them from the Sun, as seen from the 
Earth, will occur, when the relative positions occupied by them 
are such as are indicated in Fig. XXXVI. ; .i.e,, when the 

* It should also be mentioned, that calculations depending upon the 
law of gravitation, if accurately made, show (as careful observations also- 
prove to be the case) that each planet's orbit lies upon a plane, or level,, 
of its own ; so that it moves ju:}t as a ball would, if, while floating in a 
vessel of water, it were made to travel round another larger one floating in 
the same vessel and representing the Sun. In the case of the Earth this 
plane is caUed the Ecliptic. The planes of the motion of the other 
planets are tilted at certain angles to it and to one another ; but this 
tilt is in every case slight, except in that of some of the small planets 
between Mars and Jupiter, whose orbits are altogether so peculiar that 
they require separate consideration. 
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straight line joining the Earth to the planet is a tangent to 
the path of the latter. 

Moreover, we think it is also evident, in the above diagram, 
that, if it were not for the tilt of the orbits to which we have 
recently referred, each of these two planets of which we are 
speaking, would, at frequent intervals, pass exactly between 
the Earth and the Sun, when in such a position as is mai*ked 
I.e. But that tilt necessitates that there can only be two 
points in each of their orbits, in, or very near to which, they 
can be in a position to do so ; viz., the two points in which 
those orbits cut the plane of the ecliptic in which the Earth 




Fig. XXXVI.— The Barth beinff at b, an inferior planet when Been at Ti or Pa is at it« 
greatest apparent distance from the Son.* 

moves. In other words, it is only possible that either of them 
should be exactly in a straight line between the Earth and the 
Sun, at two particular times in each year, when the Earth, as it 
would be seen from the Sun, lies in the direction of one of the 
two points in question ; which points are, of colirse, different 
for the orbit of Mercury from those which belong to that of 
Venus. This may be best understood by the consideration 
of such a diagram as is drawn in Fig. XXXVII., in which the 
Earth is supposed to move in the plane of the paper. 

The above figure shows that, if the Earth is in such a posi- 
tion as E or e', when the planet also happens to be at, or very 

* If the Earth be at e, and a planet be in the position lc, it is said to 
be seen in irtferior cof\function with the Sun ; if it be at s.c., it is in superior 
conjunction. 



Digitized by 



Google 



126 



PTOLBMY versus COPERNICUS. 



near to^ such a position as p or p', the planet will either pass 
exactly behind the Sun, as seen from the Earth, or else it will 
pass in transit across the Sun's disc as a small black spot ; in 
the former case it might be at p' when the Earth is at e, or at 
p whea the Earth is at e' ; in the latter, at p when the Earth is 
at B, or at p' when the Earth is at e'. For the planet Mer- 
cury the positions e and e' of the Earth are in the months of 
May and November ; for Venus in June and December. 

At all other times, the tilt of the planet's orbit carries it 
somewhat above or below the Sun's disc, as it passes over or 
under a straight line, joining the places of the Earth and the 
Sun ; just as in Lecture IV. we explained that the tilt of the 
Moon's orbit prevents Solar or Lunar eclipses from occurring. 




Fig. XXXVII.— The carve b k' is the Earth's orbit Iving in the plane of the Ecliptic. 
The onnre p p' is a planet's orbit in a plane inclined or tilted to the former. 

as they otherwise would, upon the occasion of every new and 
full Moon. 

We shall make farther reference to the transits of Mercury 
in Lecture VI. At present we will only remark that Mercury, 
when in transit, is too small to be seen by the naked eye, so 
that we are not surprised that no very ancient observations of 
its transits are recorded. But we think it somewhat strange 
that the astronomers of early days do not seem to have 
observed any Transit of Venus ; in fact, that none was noticed, 
as we have stated in our first lecture, until the year 1639. 

Such Sun-spots, however, as are visible to the naked eye, were 
observed in very ancient times. It is therefore just possible 
that a Transit of Venus, the disc of which is quite large 
enough to be distinguished upon the Sun without any tele- 
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scopic aidy may have been seen^ and that no special notice was 
taken of it, the planet being supposed to be a spot. 

So far, then, the Copemican theory explains the occasional 
occurrence of transits of Mercury and Venus, as well as their 
oscillation from side to side of the Sun. It also indicates that, 
when either of these planets is seen in transit, or passes 
slightly above, or below, the direction of a straight line drawn 
from the Earth to the Sun, it must turn its uniUuminated 
hemisphere towards the Earth. And a little consideration will 
show that it further requires, not only that they should each 
display a fully illuminated hemisphere, when at their furthest 
from the Earth (in direct contradiction to the Ptolemaic theory) ; 

Superior conjunction. 

Inferior conjunction. 
Fiff. XXXVIII.— Pbasee of an inferior planet* 

but that they should, at other times, pass through a regular 
succession of phases, such as are shown in Fig. XXXYIIL 

It is very noticeable, however, in the above figure, that in 
one respect such phases decidedly differ from those exhibited 
by the Moon, inasmuch as the apparent diameter of the disc 
does not (as in the case of the Moon) remain nearly constant ; 
but becomes much wider as the phase becomes less and less ; 
because the planet at the same time approaches nearer and 
nearer to the Earth. Such phases are easily seen in a small 
telescope, and the change in the diameter of the disc is found 
to correspond precisely with the change in the planet's dis- 
tance from the earth caused by its passage round the Sun. 

We have dwelt at some length upon this point, because it 
may be considered to be a crucial test of the truth of the 
Copemican theory, in the case of Venus and Mercury. The 

uigiiizea oy v^jOO V IC 



128 PTOLEMY versus COPERNICUS. 

Ptolemaic system is here utterly at fault, and would have been 
known to be so from the first, if the phases of these planets 
had been visible without telescopic aid. 

It may further be well to mention that certain apparent 
irregularities in the greatest distances to which Venus and 
Mercury are seen to depart from the Sun, or in their move- 
ments in general, are also found to agree exactly with those 
refinements in the Copernican theory, which, as we have 
previously stated, involve the knowledge of the tilt of their 
•orbits and of their elliptical form about the Sun as a focus. 

But to keep to more simple matters, we may remind our 
readers, that, in the table given in connection with Fig. 
XXXIII., it is said that Mercury goes round the Sun in about 
88 days ; while observation shows (as is also indicated in 
Cassini's diagrams, see Figs. XXIV. and XXVL) that the 
Average time between that planet being seen at its greatest 
distance on either side of the Sun, and reaching a similar 
position upon that same side of it again, is in general about 
116 days. We may ask, do these facts agree with one another 
According to the Copernican theory? Does it offer any simple 
explanation of them? Yes! — It tells us that the onward 
movement of the Earth only allows Mercury to overtake it, 
upon an average, with about |ths its own speed of angular 
motion round the Sun ; and that, therefore, in order to regain 
a similar position to that which it occupied with regard to the 
Sun as seen from the Earth at any given date, it takes about 
^rd longer than it occupies in circling once round its own 
orbit. 

In like manner, the Copernican theory explains, equally as 
well as the old Ptolemaic system, why it is that about If 
years, or 584 days, elapse, between Venus being seen twice in 
succession in any given position relatively to the Sun, although 
its own orbital period is only 225 days, or ^ths of a year. 
The apparent effect is, in fact, the same as would take place if 
the Earth were supposed to stand still in its orbit, and Mercury 
were to revolve round the Sun in 116 days, Venus in 684, in 
^uch paths as are shown in Fig. XXXIX. 

It is also evident from the above figure, that a planet, thus 
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revolving round the Sun, in an orbit nearer to it than that of 
the Earth, has a much longer path to traverse, between being 
at its furthest apparent distance upon one side and again upon 
the opposite side of the Sun, when it goes round beyond it 
between the two positions, than when it passes, in the mean- 
time, between the Earth and the Sun. The two periods, in fact, 
last, upon an average, 43^ days and 72^ days respectively, 
for Mercury; 143 and 441 days respectively for Venus. 

The whole interval of 116 days in the case of Mercury, or of 
684 days in that of Venus, which elapses between its being thus 




lig. XXXTX — OomiMntlve positions of Menmry and Venns when seen from the Barth 
at their greatest elongations from the Sun. 

seen twice in succession, in conjunction or opposition, or at 
extreme eastern or western elongation from the Sun, or in any 
other given position relatively to it, is called a synodic period, 
which term means that the period depends upon the joint effect 
of the movements of the planet and of the Earth in their 
respective paths. 

In like manner, it may be deduced from the Copernican 
theory that the period of Mars in its own orbit being 687 days, 
it must occupy, upon an average (when certain variations in 
its rate of movement are allowed for) 780 days between being 
twice seen from thp Earth in conjunction or opposition, or in 
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coming back from any given position to the same position 
again, relatively to the Sun. For Mars, therefore, the orbital 
period is 687 days, the synodic period 780 days. For Jupiter, 
the two periods are respectively 4333 and 399 days; for 
Saturn, 10759 and 378 days. These figures, according to the 
Copernican theoiy, involve an important distinction between 
the cases of those planets whose orbits are exterior to that of 
the Earth, and that of the inferior planets Mercury and Venus, 
viz., that it is the Earth which has to catch them up, instead 
of their overtaking it. Moreover, it is the fact of the Earth's 
moving so much more quickly round the Sun than Jupiter or 
Saturn (or any planet still further away), that enables it to 
do so in their case, as the last two sets of numbers indicate, 
in a little more than a year; although it requires more than 
two years in order to overtake Mars, whose angular velocity i& 
only somewhat more than one-half of its own. 

It may also be easily understood, as a consequence of the 
same theory, that, the orbits of these planets round the Sun 
being outside that of the Earth, they may be seen, in the 
course of any such period, at any angular distance from the 
Sun, between it and the exactly opposite part of the heavens ; 
and that they will not, like Mercury and Venus, simply 
appear to oscillate within a short distance on opposite sides 
of their great ruler. It is, moreover, evident that, as they 
alternately come nearer to and depart further from the Earth, 
their apparent paths seen from it must, according to the 
Copernican theory, bear a general resemblance to the series of 
curved loops drawn by Cassini in Fig. XXIV.; the successive 
portions being described in their respective synodic periods, 
which also agree with the times assigned for their description 
by the ancient astronomers as the result of the combination of 
the cycles and epicycles of the Ptolemaic theory. 

Thus far, then, the hypothesis of Copernicus is found to agree 
in general with the chief results of observation. But we have 
not yet shown how exactly it explains that which we think to 
be the most peculiar part of all the movements involved in the 
apparent paths of the planets. We refer to their stationSy and 
to their alternately direct and retrograde motion amongst the 
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stars involved in the description, near to the times when they 
make their closest approaches to the Earth, of the smaller 
loops in the apparent orbits shown in Figs. XXIV. — XXVIII. 
The explanation, although not very obvious, may, we hope, be 
understood without much difficulty. 

In order that we may clearly realize it, let us briefly restate, 
from the earlier part of this lecture, what it is that we now 
wish to show that the Copemican theory explains. It is this. 
If any planet be watched, and its place amongst the stars be 
noticed night after night, — although, upon the whole,'it moves 
amongst them in a direction opposite to that in which they - 
appear to go round the Earth day by day ; or, in other words, 
although its path is for the most part from west to east ; it 
will be found that, at a certain epoch, before or after the planet 
passes through one of its nearest approaches to the Earth, it 
seems to stand nearly or quite still for a while; and that 
between these two stationary positions it reverses the direction 
in which it travels amongst the stars, and appears to go from 
east to west. 

In order to indicate how the Copernican theory explains all 
this, let us, first of all, take the case of a planet nearer to the 
Sun than the Earth, such as Venus ; and let us suppose Vi, v^, 
Vj, etc., to represent successive positions of Venus in its orbit ; 
while Ex, E,, E3, etc., are corresponding positions of the Earth, 
which is moving at a slower rate round the Sun. An observer 
upon the Earth will see Venus amongst the stars, in the pro- 
longation of the line joining him to it at any time, and will 
refer its place to an imaginary celestial sphere situated at a 
great distance. We will represent such places, corresponding 
to the positions Ei and Vi, Ej and v^, E3 and Va, etc., respectively 
of the Earth and Venus, by the small letters v^ r,, t?8, etc. We 
may also notice in passing that, when the Earth is at E5 and 
Venus at v«, the latter is said to be in the position of inferior con- 
junction with the Sun, so that it might then, for a few hours, be 
seen in transit across its disc ; but that in general the tilt of its 
orbit will carry the line of view clear of the Sun, so that it will 
be referred to v^, and may be altogether invisible for a day or two 
owing to the glare of the surrounding Solar light. It should 
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also be observed that in the figure a motion of rotation from 
west to east round the Sun is supposed to take place in a 
direction the reverse of that in which the hands of a watch, 
whose face would be represented by one of the circles, would 
revolve. This direction of motion is indicated by all the 
arrows, except those in the highest row, which are drawn 
to represent motion from east to west. 

We hope that a little meditation upon the diagram in Fig. XL. 
may enable our readers to see that Venus, according to the 




Fig. XL.— Showing how the motionB of Venus and of the Earth in their orbits cause 
the progreesion and retrogreetion of Venus in its apparent path. 

Copernican theory, would appear to move onwards, or from 
west to east, amongst the stars, from the position Vi to about 
the position rg, and, again, from somewhere near to re on to v-j ; 
and that it would always appear so to move except between 
such a position as r^, and such an one as re, during which time 
it would appear to travel from v^ to r^, and then past v^ on to 
re, in the reverse direction. This temporary reversal of its 
movement, or its retrogression, is therefore very simply ac- 
counted for, as a result of the theory in question, by the way in 
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which its more rapid angular motion around the Sun enables it 
at such a time to overtake and pass by the Earth. It may also 
be noticed that the result is brought out by the diagram, 
without any mathematical calculations, simply by joining cor- 
responding places of the Earth and of the planet, and by pro- 
ducing the lines so drawn to meet the imaginary celestial 
sphere to which our eyes refer the place of the latter. 

It follows, then, that as Venus travels between, or nearly 
between, the positions Vj and v^, or for a certain distance on 
each side of Vj, one of its nearest approaches to the Earth, it 
will appear to retrograde in the sky. And we may see that, 




Fij^. XLl . — I'stth C'f %'iTiUb diulng » pnrt of the \^ar l*jHi. 



at such a time, as observation also proves, its motion, as it 
gradually overtakes and passes the Earth, will seem to be much 
slower than that which it will manifest when it is on the 
opposite side of the Sun, and moving in a direction the very 
opposite of that of the Earth. 

Moreover, it would also result, when the planet reverses its 
apparent movement from progression to retrogression, and vice 
versd, that it must make a slight pause, and for a few days 
move so slowly as to seem to remain very nearly still. This 
may be ftuiher illustrated by a diagram (see Fig. XL.) of a 
part of its apparent path during the year 1884, deduced from the 
places given in the Nautical Almanac, in which year it will be 
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Btationaiy (in what is termed Right Ascension*) on June 19th, 
on which date it makes a pause. This is also the case on August 
2nd, when its Right Ascension, which is measured horizontally 
in the diagram, begins to increase again, after having dimi- 
nished in the interval between the two dates, as the consequence 
of a retrograde motion, from about 8 hours 1 J minutes to 6 
hours 49 minutes. 

Without, however, considering any such refinements con- 
nected with the orbits of Venus and the Earth, as are involved 
in the use of the terms right ascension and declination, or are 
otherwise referred to in our footnote, we may ask, when would 
the exact moment occur, when their respective movements 
round the Sun shown in our previous diagrams (which are 
really only those which they possess in celestial longitude) 

* Hitherto we hare spoken of the stationary points of the planets with- 
out any regard to the tilt of their orbits to the plane of the ecliptic on 
which the Earth moves. In fact, we have only considered the way in 
which its motion round the Sun, and their motions, in what is termed 
Celestial Longitude, measured upon the plane of the ecliptic, cause them, 
at times, to appear to stand still. But besides this, the tilt of their paths 
will take them alternately to the north or south of that plane, and move 
them, even when they are stationary in longitude, to a certain extent 
(corresponding to the amount of that tilt) in what is termed North and 
South Celestial Latitude. It is, honrever, customary in the ordinary esti- 
mation of celestial positions, to determine the places of the heavenly bodies, 
not by their longitude on the plane of the ecliptic, and their latitude above 
or below it, but by their right ascension, measured on the celestial 
equator, and by their distance north and south of it, which is called their 
declination. And the planet is ttsnaUy spoken of as stationary when it 
is so in Right Ascennon^ although its declination may still be undergoing 
some change ; partly as an effect of the tilt of its orbit, and partly because 
it really is not stationary in longitude at the same dates as in right 
ascension, and its movement in longitude consequently still slightly alters 
its declination. Any apparent discrepancy in the form of the curve, or 
loop, in Fig. XLI., and of those in soine of our previous diagrams, may be 
thus explained. Nevertheless Fig. XLI. sufficiently indicates how a pause 
must occur, when progression changes to retrogression, and vice verad. 
We may also remark that right ascension is not simply measured (like 
longitude) in degrees, but is generally estimated (as in our figure) in 
hours, minutes, etc. ; twenty- four hours being reckoned as equivalent to 
360^, in agreement with the way in which the whole heavens appear to 
urn once round the pole, day by day, in twenty-four sidereal hours. 
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wonld cause Venus to appear to stand still ? Our answer is 
that it will do so when the extra curvature of the smaller orbit 
of Venus so eicactly counterbalances its extra speed round the 
Sun, that the straight lines joining the Earth and Venus 
remain for a short time parallel. Considerable calculation is 
required to work out the question accurately; but we may 
state that the dates are found to be, in the case of Venus, 
about twenty-one days before, and after, it is in such a position 
as Bj in Fig. XL. In like manner they occur for Mercury 
(upon an average) about twenty-two days before and after it 
occupies a similar position, the limit, however, in its case, 
being subject to considerable irregularity. 




Fig. XLII.— Venae will appear to be stationary when the line joining it 
to the Earth remauiB for a short time parallel to itself. 

Our next diagram. Fig. XLIL, illustrates this point, and 
flhows that, at such a time, while Venus, in the course of a day 
or two, goes on from Vj to Vj, and the Earth from Ei to Eg, 
the length of the arc VjV, is decidedly greater than that of 
BjEj ; and yet the difference in the curvature of the two paths 
causes EjVi to be parallel to EjVg; so that an observer upon 
the Earth, being unconscious of his own movement, and one 
day seeing Venus in the direction e^Vi, and the next day 
(or a few hours afterwards) in the parallel direction EjVj, 
considers these two directions to be the same, because the 
supposed imaginary sphere of the heavens, to which he refers 
the place of Venus, is so far distant that he can detect no 
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change in the planet^s position. It therefore, for the time 
being, appears to remain stationary. 

It follows from the above explanation, by parity of reasoning, 
that, at the very same time, the Earth would also seem to be 
stationary to an observer upon Venus. And, therefore, if in 
Fig. XL. v be supposed to represent the Earth, and e to be a 
planet, having its orbit outside that of the Earth, it is clear that 
such a planet would appear to stand still at a certain interval 
before, and after, the Earth would pass through its nearest 
position to it, between it and the Sun. It may thus be seen 
that Mars, Jupiter, Saturn, Uranus, and Neptune (equally 
with the inferior planets. Mercury and Venus) must all have 
their stationary points in their apparent paths, as seen from 
the Earth, on each side of their periodical nearest approaches 
to it. They must also, of necessity, between two such stationary 
positions, appear to move amongst the stars from east to west, 
instead of pursuing the usual direction of their movement, 
viz., from west to east. 

We have therefore shown that the simple, but most beautiful, 
theory of Copernicus explains, in every respect, all the ap- 
parent complication of the movements which we observe. In 
its present exact and perfected form it teaches us how a steady 
regular movement of the planets, each in its own orbit round 
the central Sun, causes them to appear to us sometimes to stand 
still; sometimes to move quickly; sometimes slowly; some- 
times to reverse their motion. It tells us that the interesting 
succession of the phases of Mercury and Venus is a necessary 
consequence of the situation of their paths ; as also that the 
days of their greatest elongations from the Sun will not 
coincide with those upon which they are apparently stationary. 
It proves that the intervals between the consecutive nearest 
approaches of any planet to the Earth must exceed that in 
which it travels round its orbit, according to a rate which 
is altogether different for an inferior planet, from that which 
applies to one whose orbit is exterior to that of the Earth. It 
does away with all the confiision of cycle and eccentric, and of 
epicycle piled upon epicycle ; and gives in its place a system 
perfect in its application to every observed movement, and in 
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its power to satisfy every advance that has yet been made in 
theoretical astronomy ; while the old system of Ptolemy, 
although exceedingly clever and ingenious, and apparently 
able to account for most of the facts known while it held 
its sway, was not only fearfully complicated, but must, if it 
had not been previously exploded, have utterly failed to agree 
with observation, when the telescope revealed the phases of the 
inner planets, and the general improvement of astronomical 
instruments enabled the movements, both of those within and 
beyond the Earth's orbit, to be watched and recorded with 
increased accuracy. 

We can hardly wonder that Alphonso the Wise, tenth King 
of Castile, is said to have remarked, more than six hundred 
years ago, that if he had been consulted at the creation he 
could have devised a better arrangement than the Ptolemaic 
system. But we should be greatly surprised if any of our 
readers should still be so far in doubt as to which is the true 
theory, as with any lingering uncertainty to exclaim : — 

'•Wbatif theSun 
Be centre to the world, and other stars 
By his attractive virtue, and their own 
Incited, dance about him various rounds ?" 
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LECTURE VI. 

THE PLANBT MERCURY. 

** First Mercury completes his transient year, 
Qlowing refulgent with reflected glare." — ChatterUm, 

** Neque a Sole longius onquani unins sign! intervallo discedit, torn anterertens, 
tnm subeequena" — Ooero. 

In passing on to discuss the varions planets individnaHy, it 
willy we think, be most convenient to take them in order 
according to their distances from the Sun, beginning with the 
nearest. In attempting to do so, we must, however, at onoe 
face the question: — Do we know which is the nearest? We 
have already mentioned that the proximity of Mercury to the 
Sun makes it often impossible to observe it ; may we not then 
ask, whether, in spite of all our recent progress, in spite of 
all the advance that has been made since the early days of the 
Chaldaean astronomy, there may not be planets between the 
Sun and Mercury which we have as yet failed to detect? We 
notice in Bode's so-called law, that the first term, which is 
taken to represent the distance of Mercury, is an empirical 
one ; and for this, as well as for other reasons, we feel that we 
have no good grounds for affirming that there is any a priori 
improbability against the existence of such planets. 

On the other hand, Le Verrier, than whom no greater autho- 
rity could be quoted, has made elaborate calculations of certain 
peculiarities in the movement of Mercury, which indicate that 
a very considerable amount of matter lying between it and the 
Sun must constantly exercise an attractive effect upon that 
planet. He has said that a body of about §rds of the weight of 
Mercury, revolving at one-half of its distance from the Sun, would 
produce the required effect; or, that a larger amount of matter. 
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in a more scattered form, or divided into a number of small 
planets, and situated partly, or wholly, still nearer • to the 
Sun, would suffice. 

It may however be asked, — Maynot tjbe matter which produces 
the Zodiacal Light, and which (as statM in Lecture II.) extends 
so far beyond the orbit of Mercury as probaj;)!^ to reach to that 
of the Earth, produce the effect of which^Fe are speaking, and 
so relieve us from the supposition of the existence of any addi- 
tional planet or planets, especially as such matter is doubtless 
much denser in the near neighbourhood of the Sun than further 
from it? But we may answer that it would not suffice to do so, 
because it does not, so far as we know, fulfil another requisite 
condition, viz., that it should be symmetrically situated with 
regard to the plane of the orbit of Mercury. The d priori pro- 
bability in favour of the existence of one or more intra-Mercurial 
planets consequently remains. 

But, if any such planet were of a size approaching to that of 
Mercury itself, it seems very unlikely that it would not have 
often been seen. It would no doubt be so much the harder to 
detect it, as it might be nearer to the Sun ; but the greater 
brightness which that proximity would confer would most 
likely counter-balance, or more than counter-balance, the 
-effects of the glare through which we should view it. If, on 
the other hand, there be several such planets, but of much 
smaller size, we can easily understand that it would not only 
be difficult to see them in a telescope, even if their places were 
accurately known, but very improbable that they would be 
discovered by any but the most prolonged and persevering 
isearch. 

In fact there are only two special occasions upon the occur- 
rence of which we could hope to make such a discovery. It 
would either be when such a planet is seen in transit across the 
Sun's disc, or while the Sun's light is obscured by a total 
Solar eclipse. 

We must allow that a considerable number of instances have 
been recorded of dark, and apparently circular, spots having been 
observed to pass comparatively rapidly across the Sun's disc, so 
as to present the appearance of the transit of an intra-Mercurial 
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planet. At the same time, in order to make such an obser- 
vation tmstworthy, it is to be remembered that not only is it 
necessary that the spot seen be perfectly round, uniformly dark, 
and without any contrast between the centre and the periphery 
such as occurs in the penumbra surrounding the umbra of an 
ordinary sun-spot ; but its speed of movement must be accu- 
rately determined. 

It does not suffice to say that a certain appearance was seen 
one day and not seen a day or two afterwards, cloudy weather 
having intervened, inasmuch as sun-spots undoubtedly, at 
times, appear and disappear with most surprising rapidity. 
Nor must it be forgotten, that, as the Sun crosses the sky in its 
diurnal path, it does not describe that path round the zenith 
(or that point of the sky which is vertically above an observer) 
as a centre, but round the pole of the heavens ; and that, con* 
sequently, the point on the edge of its disc which is nearest 
to the horizon does not remain the same during the day. An 
observer who is unacquainted with this fact, may therefore 
fancy that a sun-spot, situated near to the edge of the disc, 
has, in a few hours, moved upon it to some considerable extent ; 
whereas the effect is only a result of the slight apparent rotation 
of the Sun's disc, produced in the way above explained, round 
a perpendicular to the plane of the horizon, for which, in all 
such cases, due allowance must be made. 

Another fact also deserves very careful attention. Just 
as it was explained (in Lecture lY.) that Solar and Lunar 
eclipses must take place near to two opposite positions of the 
Earth in its annual orbit, and (in Lecture Y.) that transits of 
Mercury only occur in May or November, and those of Yenus 
only in June or December; so, unless the inclination of the orbit 
of an intra-Mercurial planet to the ecliptic be slight, which 
would render its transits more frequent, there will be two, and 
only two, opposite periods of the year at which they can occur* 

One planet, for instance, might transit in March and October;, 
another in December and June; and so on. Now, even if we 
make all reasonable allowance of every kind, we find (as we 
have shown in a lecture delivered at Gresham College, in 
February 1879, and shortly afterwards published for private 
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circnlation) that the dates at which the supposed observations 
of which we are speaking have been made, would require the 
existence of at least four such planets. In the lecture in ques- 
tion, we have referred to nearly all the more important of such 
records, including one which is specially interesting to citizens 
of London, as it was made in the year 1847, by. Mr. Benjamin 
Scott, now the Chamberlain of the City, whose observation 
was confirmed by a simultaneous and perfectly independent one 
by the well-known optician Mr. Wray. 

The most celebrated instance of all is, however, that of 
Lescarbault, of the date of March 26th, 1859, in which the great 
Le Verrier seems to have put much faith. But Lescarbault's 
supposed planet has never been seen again, although often very 
carefully looked for, in the months of March and September, 
and especially in years when the calculations of Le Verrier, 
made from Lescarbault's original statement, show, that, if it 
really existed, it ought certainly to have appeared in transit. 

Upon the whole, therefore, we can only say that it is very 
remarkable, that, if any of such observations have not been 
delusive, no recurrence of the transits has been detected. On 
the other hand, it is also surprising that so many observers 
should have been deceived, although it must be confessed that 
they have not all enjoyed the advantage of long and practised 
experience in observing. It is moreover certain that some 
apparently well-authenticated cases have been subsequently 
proved to have been erroneous.* 

The question of the existence of intra-Mercurial planets is 
therefore still an open one, and of great interest. It is 
essential that, for some time to come, especial anttngements 
be made for the very careful examination of the sky, in the 
immediate neighbourhood of the Sun, during total eclipses. If 
any such planets exist, this appears to be the most likely 
method for their successful detection. 

In connection with this remark, we may mention,! that 

* See an article by Professor Peters in Astronomische Nachrkhten, 
No. '2254 ; also one by M. Ti.«Berand in the A nnuaire du Bureau des 
LongitudcM^ 1882. 

t See Nature^ vol. xviii., p. 663. 
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daring the total eclipse of 1869, four observers at St. Paul's 
Junction in Iowa (one a lady) saw with the naked eye what 
they termed '^ a little brilliant '* at a distance about equal to the 
Moon's diameter from the Sun's limb ; and a Mr. Vincent, with 
a small telescope, saw a small crescent-shaped object about 
three times as far from the Sun. Dr. Grould of Cordoba saw 
what he supposed to have been the star tr^ Cancri, but which, 
from its brightness, may have been the object seen by the four 
above-mentioned observers. 

Af^ain, in 1878, Professors Watson and Swift, in America, 
each announced the discovery of two intra-Mercurial planets 
during the total eclipse which occurred on July 29th of that 
year. Their observations were, however, so hurried, and the 
contiguity of certain stars {9 and 4 Cancri) to the supposed 
places of the planets so close, that further confirmation of 
their discoveries is desirable. Professor Watson, however, 
seems to have distinctly stated that one of the planets seen 
by him was between the Sun and the star Cancri. It is 
deeply to be regretted that his recent premature death 
has interfered with his intention to search for these planets, 
not only during eclipses, but, if possible, by making special 
arrangements for scrutinizing the neighbourhood of the Suu 
at other times. It will be very interesting, should one (or 
more), at some future time, be discovered and its orbit be 
determined, to compute its past movements, and to see whether 
they agree with any of the supposed observations which we 
have described. 

Let us, however, now pass on to the planet Mercury, of 
whose existence there is no doubt, while its proximity to the 
Sun is very remarkable, even if others be nearer stilL It is, 
at any rate, so near, that we are able to discover much less 
than we could wish with regard to it ; so near, that, if others 
lie between it and the Sun, we can never hope to know much 
more about them than their existence, their orbits, and their 

size. 

In about three-quarters of an hour less than 88 days Mercury 
performs the circuit of its course, at a mean distance of very 
nearly 36,000,000 miles from the Sun, and with an average 
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speed of about 107,000 miles per hour. Its diameter is believed 
slightly to exceed 3,000 miles ; and is therefore, not quite half 
as large again as that of the Moon ; between 400 and 500 miles 
less than that of the largest of the satellites of Jupiter ; and 
probably not above fths of that of Titan, the largest belonging 
to Saturn. 

We need not again describe the succession of this planet's 
phases ; its apparent oscillation from one side of the Sun to the 
opposite ; its return to corresponding positions relatively to the 
Sun, as seen from the Earth, at a mean interval of 1 16 days ; and 
its alternate onward and retrograde motion amongst the stars ;. 
inasmuch as we have sufficiently explained all these matters in 
treating of the general character of the planetary orbits and 
movements, in our fifth lecture. We will, however, repeat in 
a somewhat different form our previous statement as to the 
shape, or ovalness, of the orbit of Mercury, since it may the 
better help us to realize how decidedly excentrical the position 
of the Sun is with regard to it. 

So far is the Sun from being in the centre of this orbit, that, if 
we represent its longer diameter by ten inches, the Sun's place 
will be one inch from its middle point ; i.e., four inches from 
one end and six inches from the other. To correspond with the 
actual scale of the orbit we must suppose that one inch represents 
about 7,000,000 miles ; 6 times, and 4 times which, respec- 
tively give about 42,000,000, and 28,000,000 miles for Mer- 
cury's greatest and least distances from the Sun ; still more 
exact values being about 43,250,000 and 29,500,000 miles. 

According to Kepler's 2nd Law (see Lecture V.), it follows 
that the speed with which Mercury moves in its orbit must 
be very much greater when it is at its nearest to the Sun, 
than when it is so much farther away. In fact, it varies from 
about 35 miles to about 23 miles per second. 

The most ancient observations of this planet that have been 
recorded are said to have been made in the years b.c. 265 and 
A.D. 118.* From that time onwards, it was doubtless carefully 
looked for, but until the invention of the telescope it was only 
possible to see it on the occurrence of those by no means- 

♦ Chambers' " Aatronomy," p. 61. 
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very freqaent occasions when it was particularly well situated 
for observation. 

Those who dwelt in regions within, or near to, the tropics, 
were doubtless assisted in detecting it hy the shortness of the 
twiliglU^ as well as by the clearness of the air. On the other 
hand, we read that Copernicus, although he frequently made 
the attempt, never succeeded. He was, perhaps, especially 
hindered by the mists and fogs of the Vistula ; but it is, in any 
case, only possible to do so with the naked eye, in such a 
locality as that of Cracow, where he dwelt (which is in nearly 
the same latitude and has consequently nearly the same dura- 
tion of twilight as London), when the planet is in an especially 
favourable position, so that its setting or rising is separated by 
as long an interval as possible from that of the Sun.* It is 
rarely that so propitious an opportunity occurs as that which 
happened at the end of April, 1877, when, as may be seen by 
reference to such an Almanac as Whitaker's, the Sun set at 
7.19 p.m., and the planet at 9.30 p.m. It was also particularly 
well situated in May 1882, when its close proximity to Venus 
was most interesting. 

Notwithstanding the strong twilight and moonlight, the 
writer, in company with various other persons, saw it shining 
brilliantly night after night during the fortnight following 
May 22nd, 1882. When the sun set at about 8 p.m. it was 
xJearly visible about 8.46 or 8.60 p.m. Owing to the sky 
being fortunately free from clouds, he thus watched it with 
the naked eye on seven out of nine consecutive nights. The 
position of Venus, which no one could fail to see, was no 
•doubt of great help in guiding the eye to the smaller planet, 
but the brilliancy of Mercury was certainly surprising; 
while the flashing and scintillating appearance which it pre- 

* We do not here discuss the variation in the amonnt of light received 
-from Mercury caused by the extent of its illuminated phase, or its dis- 
•tance from the Earth at any given time. In our next lecture it will be 
seen that such a discussion is important in the case of Venus. If, how- 
ever, Mercury is to be seen at all by the naked eye, it must be at such an 
apparent distance from the Sun, and at such an actual distance from the 
fEarth, that its phase will always be nearly the same as that of the Moon 
twhen half -full. 
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sented recalled the appellation — 6 SrtKffeou^ f^e j^itteriiiji^ or 
sparkling onej given to it by the ancient Greeks.^ 

The telescope has, however, revealed its phasesi'Bnd has 
enabled us to detect and watch it when in transit. But, other- 
wise, it has tanght us very little of importance, or of interest, 
with regard to it. Mercury is a disappointing and difficult 
telescopic object. It is hard to get a well-defined and distinct 
view of its disc. Its veiy considerable distance from the Earth, 
when otherwise most favourably placed for observation ; its 
comparatively small size ; the intense brightness of its light ; 
the solar glare that surrounds it ; and some inherent peculiarity 
of its surface, or of its atmospheric envelope ; — all combine to 
render our telescopic observations disappointing. 
. It is true that, near to the end of the last century, Schr5ter 
believed that a high mountain was periodically visible as an 
inequality in the boundary of the illuminated portion of its disc ; 
and that he saw a belt probably equatoreal, and indicating an 
axis tilted at about 70^* to the plane of its orbit (an inclination 
very similar to that of the Earth's axis), during a period of 47 
days in May and June 1801. But we believe that the careful 
observations of Sir W. Herschel did not confirm these state- 
ments ; while most modern astronomers have felt it useless 
to devote much time to this planet. Indeed, we are almost 
forced to suppose that if Schroter was not deceived as to what 
he saw (a remark which may, in some degree, also apply to 
his, and some other, observations of Venus made a generation or 
two ago) the atmosphere, or cloudy envelope of Mercury, must 

* We have tried in vain to meet with a copy of Schroter's *< Hermo- 
graphische Fragmente " in several English libraries. By the kindness of 
M. Niesten, of the Brussels Observatory, in which the book is to be f onnd, 
we have, however, obtained a copy of Schr5ter's original statement, and 
we are surprised to notice that in almost every English book (except in 
Dr. Balls recent quotation of Houzeau's astronomical constants in his 
'^ Elements of Astronomy," published in the Science Text-Book Series) 
the complement of Schroter's angle of about 70**, — t.^., an angle of about 
20", — ^is given in place of the inclination of the axis really stated by him. 
Very erroneous deductions have consequently been made as to the seasons 
and climatic zones which Schr5ter s value would involve. They would 
really be, according to him, in close agreement with those of the Eartb. 

10 *T 
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have, of late^ nndergone Bome change, which makes it a much 
more difficult telescopic object than it formerly was. 

With regard, however, to Mercury, it should at any rate be 
noticed, that, quite apart from any changes of season caused 
by the inclination of its axis, its varying distance from the 
Sun must produce a change of temperature, which cannot but 
be most important. It is believed by some, who have carefully 
investigated the question, that the fact that the Earth's dis- 
tance from the Sun varies by 3,000,000 miles in the course of 
each year, has a decided influence upon the comparative inten- 
sity of the seasons of its northern and southern hemispheres. 

If so; let us try to conceive what would be the effect upon the 
light and heat received, if, instead of the variation in distance 
being 3,000,000 miles, it were to amount to 36,000,000 miles ; 
in other words, if the Earth's distance from the Sun were 
somieitimes reduced to 75,000,000 miles, and at other times 
increased to 111,000,000 miles ; which distances are very nearly 
in the same ratio as the greatest and the least of the orbit of 
Mercury. 

Let us imagine how the inhabitants of our globe would feel, 
if the Sun's apparent disc and the light and heat received from 
it were st one time more than twice as great as at another. It 
is true that in some northern latitudes, in the present temperate 
zone, something like a perpetual summer might ensue, but it is 
also probable that a large part of the southern hemisphere would 
be rendered uninhabitable by the intensity of the winter cold 
and of the summer heat; while, in the tropics, the difference 
of temperature involved in the alternation of the seasons would 
also be most unpleasantly great. 

In the case of Mercury it is easy to calculate that the actual 
variation in the Solar light and heat received would be fully as 
great as we have just supposed. The apparent diameter of the 
Sun would, at different times, be just so much greater as the 
planet might be nearer to it, and vice versd ; and we have 
already stated that its distance is sometimes more than half 
as great again as at others. The Sun's apparent diameter, when 
greatest, would therefore exceed its least value rather more 
than in the ratio of three to two. Its corresponding area would 
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vary as the squares of these numbers, or in the ratio of nine to 
four. 

In other words, the disc of the Sun, when Mercury is at its 
nearest distance from it (or in Perihelion), would appear to 
be considerably more than twice as large as when it is at 
its farth'bst distance (or in Aphelion) ; and the same proportion 
would hold with regard to the respective amounts of light 
and heat received. This is illustrated in Fig. XLIII., in connec- 
tion with which it is also to be observed-that the corresponding 
increase and decrease of temperature would occur every forty- 




Fig. XLin.— ComparatiTe Bizes of the apparent disc of the Sun, as seen from Meroory, when 
at its least and ^rsateet distances. 

four days, the periodic time of Mercury round the Sun being 
eighty-eight days. 

Moreover, as may be seen in Fig. XLIV., the apparent 
mean, or average, size of the Sun as seen from Mercury is more 
than 2^ times as large in diameter, and about 6§ times as 
large in area, as it is when seen from the Earth, and twice as 
large in area as when seen from Venus. At intervals of forty- 
four days the light and heat received from it by Mercury must 
consequently vary from about four times' to about nine times 
that which the Earth receives. We may therefore well imagine, 
if there be any inhabitants upon that Sun-stricken orb, that the 
terms Perihelion and Aphelion are not considered by them, as 
they probably are by some of our readers, to involve ideas of a 
rather intricate or recondite nature, but that every child in^ 
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the humblest village school upon Mercury (if such schools 
exist), as soon as it can appreciate the simplest teaching, 
must learn, every six weeks, by the temperature at which its 
own Mercurial feelings stand, whether it is in the one position 
or the other. 

It is, however, well-nigh impossible to suppose that Mercury 
can be the abode of beings in any important respect resem- 
bling ourselves, the difficulty involved depending, as we opine, 
rather upon the effect of the Sun's heat, than of its light. Its 
light, we may imagine, might be moderated by eyes possessing 
a very slight sensitiveness to its influence; but it is not in 
any way easy to conceive how the intensity of its heat could be 




Fi^. XLIV«— <:k>mparative apparent areas of the disc of the Sun as seen 

(1) From Mercury, (2) From Venua, (8) From the Earth, 

when at their mean diatances respectively ttom. it. 

endured, unless it were in some way diminished by the in- 
terposition of a dense and continuous canopy of cloud over- 
shadowing the planet's sky. 

Observation, however, does not seem to indicate that such is 
the case. The surface of Mercury seems, it is true, to be very 
much, if not entirely, hidden from us, but the brightness of its 
light is by no means so great as a mass of cloud might be 
expected to reflect. When the Sun is suitably situated we 
occasionally notice what an astonishing amount of light a 
small portion of cloud, in our own skies, reflects. From a 
mountain summit, or from the car of a balloon, the same effect 
may often be seen, upon a much larger scale, when the Sun 
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is shining upon masses of clouds below the observer. But the 
amount of light received from Mercury, when its size and its 
nearness to the Sun are duly taken into account, is much less 
than would be the case if its surface (area for area) reflected 
even as much of the light receiv^ed as does that of the planet 
Jupiter. This has been carefully ascertained at times when 
the planets have been so situated that the comparison could be 
easily and accurately made. The brilliancy of Mercury is also 
proportionally much less than that of Venus.* 

But even if the existence of such a cloud canopy could be 
proved, it would still be hard to believe that it could make the 
planet an endurable, much less a pleasant place of residence. 

Upon the other hand, if its skies were comparatively cloudless, 
so as to allow a large proportion of the Solar light and heat to 
pass, no imaginary supposition, either as to the density or the 
rarity of its atmosphere, would overcome the difSculty. If its 
atmosphere were dense, and contained a considerable amount' 
of vapour, so as to render it less pervious to the passage of the 
heat incident upon it, it would, according to well-known laMirs, 
retain what it allowed to pass, and gradually store it up to 
an unbearable extent. If, being much rarer, it permitted the 
heat received to escape more easily, as is the case with the 
rarefied air in mountainous regions upon the Earth, the direct 
effect of the Sun's rays would be all the more terrific, as is 
often, in some small degree, found to be the case in noon-tide 
hours among Alpine snows and glaciers. This is of course a 
rough way of stating the dilemma, but it may suffice to indi- 
cate, that an atmosphere which would allow heat to escape 
would also allow it, as it came, to strike down unmercifully ; 

♦ In a letter to the Times, dated 28th September, 1878, Mr. Nasmyth 
states that he saw the two planets together in the same field of view of his 
telescope for some hours, and that, while Yenns looked like clean silver, 
Mercury appeared more like lead or zinc. Tet Mercury was at the time 
very close to its Perihelion, as Mr. Proctor remarks in a subsequent letter 
to the same journal, dated October 1st, 1878. In his *' Other Worlds," 
p. 68, Mr. Proctor also shows that, if Meixsury had the same reflecting 
power as Jupiter, it ought to appear, when in Perihelion, and at its 
greatest elongation from the Sun, twice as brilliant to the naked eye as 
Jupiter does when at its nearest to the Earth. 
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while such an one as wonld hinder its direct effect would retain 
so much that the result wonld be equally painful. 

We have already briefly alluded (in Lecture V,) to the 
occasional transits of Mercury across the Sun's disc ; the possi- 
bility of their occurrence only in the months of May and 
November; and their dependence upon the tilt, or inclina- 
tion of the plane of the planet's orbit, to that of the orbit of the 
Earth. It may here be interesting to mention that the requi- 
site conditions for a transit are only fulfilled at intervals, which 
sometimes consist of seven, hut more often of thirteen years, in 
the case of two successive November transits ; while the May 
transits are less frequent, and occur, in general, at intervals of 
thirteen years, or of twice, or even three times thirteen, plus seven 
years ; ue.y after the lapse of thirty-three, or forty-six years. 

Some slight irregularities may be noticed in the following 
table, extending from a.d. 1600 to a.d. 2000, extracted from 
the Annuaire of the Royal Observatory of Brussels for the 
year 1881, which we quote, with the ho|>e that it may interest 
our readera ; e.y,j there is an interval of only six, instead of 
seven years, between the transits of November 1776 and 
November 1 782 ; while the unusually long interval of forty- 
six years occurs between the May transits of 1661 and 1707. 



Passages of Mercury Across the Sun. 
(The asterisks denote that the Transits have been observed.) 



1605. 


1 November. 


♦1743. 


6 November. 


♦1868. 


5 November 


1615. 


3 May. 


♦1763. 


6 May. 


♦1878. 


6 May. 


1618. 


4 November. 


♦1756. 


6 November. 


♦1881. 


8 November 


1628. 


6 May. 


♦1769. 


9 November. 


1891. 


9 May. 


#1631. 


7 November. 


1776. 


2 November. 


1894. 


10 November. 


1644. 


8 November. 


♦1782. 


12 November. 


1907. 


12 November. 


♦1661. 


2 November. 


♦1786. 


4 May. 


1914. 


6 November. 


*1661. 


3 May. 


♦1789. 


6 November. 


1924. 


7 May. 


1664. 


4 November. 


♦1799. 


7 May. 


1927. 


8 November. 


♦1677. 


7 November. 


♦1802. 


9 November. 


1937. 


10 May. 


♦1690. 


10 November. 


1816. 


12 November. 


1940. 


12 November. 


♦1697. 


3 November. 


♦1822. 


6 November. 


1963. 


13 November. 


♦1707. 


6 May. 


♦1832. 


6 May. 


1960. 


6 November. 


1710. 


6 November. 


♦1835. 


7 November. 


1970. 


9 May. 


♦1723. 


9 November. 


♦1846. 


8 May. 


1973. 


9 November. 


♦1736. 


11 November. 


♦1848. 


9 November. 


1986. 


12 November. 


♦1740. 


2 May. 


♦1861. 


12 November. 


1999. 
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It also deserves notice .that: the observation of only five 
of the transits which have occorred since 1631 has been 
missed. That of 1881 was carefully watched in Australia, but 
was not visible in England ; nor will those of 1891 and 1894 
be well seen here, the former ending very soon after sunrise, 
and the latter beginning very near to the time of sunset. 
The writer of this lecture was especially fortunate in having a 
very good view of that of May 6th, 1878, although in most 
parts of England elouds were exceedingly troublesome, or 
altogether obscured it. 

Apart, however, from the interest attaching to the transits 
of Mercury in connection with the computation of the dates 
of their occurrence and their dependence upon the comparative 
dimensions and position of its orbit and of that of the Earth; 
a great additional importance belongs to them, inasmuch as 
they may afford special facilities for observations of the physi- 
cal characteristics of the planet. It is, for instance, very 
interesting to find that, at such times, a considerable num- 
ber of observers have noticed indications of something like an 
atmosphere surrounding the planet. An appearance resembling 
a luminous ring was seen around it in 1736, and again in 
1791 ; in 1832 a similar ring, somewhat tinted with violet ; in 
1868, Dr. Huggins, than whom no more careful and accurate 
observer exists, saw an aureola of light"* around Mercury, of a 
breadth equal to about |rd of its diameter. He also noticed a 
luminous point of light not far from the centre of its disc. In 
the diagram (Fig. XLV., taken from Chambers's " Handbook 
of Descriptive Astronomy "), which is copied froia that of Dr. 
Huggins, these appearances are shown, but are not repeated in 
the figure of the planet as it is seen considerably distorted in 
shape passing off the edge of the Sun. 

Such an annulus as is here drawn was also noticed by the 
present Astronomer Boyal (Mr. Christie) and by Mr. Dunkin, 
at the Boyal Observatory, in the transit of May 1878 ; Mr. 
Christie perceiving an inner and narrower ring of greater 
brightness very close to the planet. Mr. Criswick also ob- 
served the halo with a refracting telescope of six inches aperture. 
* See B. A. S. Monthly Notices, vol. xxix.^ p. 25. 
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To him it appeared wider than in the larger instraments. I 
find that in my own notes of the transit which I observed (as I 
have already mentioned) under very favourable circumstances 
in Suffolk, with a refractor of very nearly the same aperture 
as that which Mr. Criswick used, I have stated the apparent 
width of the halo at the same value as he gives for it, viz., 
about frds of the diameter of the planet's disc. An assistant 
who was with me also saw it. It was not, towever, noticed 
whenf the observatory was darkened, and the image of the Sun 
was projected upon a white paper screen. 




Fiir. XLV.— The planet Merctiry in transit, November 5th, 1808. 

Some observers have described this ring as appearing 
darker than the neighbouring surface of the Sun, although 
more have seen it brighter. But it must be confessed that 
the majority (as may be seen by reference to an article in the 
Anntiaire of the Observatory of Brussels for 1881) did not 
notice it in 1878 ; nor did they observe a bright spot which 
has been frequently observed upon the planet's surface at such 
times by others besides Dr. Huggins; and which was also 
seen by myself in 1878 a little to the south-west of its centre.* 

♦ On the other hand, we find that in the recent transit of November 
1881, Mr. Tebbutt, at Windsor, N. S. Wales, ^aw a faint whitish spot in 
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We are, therefore, almost forced to conclude that such appear- 
ances are in some way produced by the effect of the contrast 
between the great brightness of the Solar surface and the tiny 
black disc of Mercury, or are related to the diffraction of light, 
or to slight imperfections in the telescope or in the adjustment 
of the focus of its eye-piece, which are especially evident when 
a small dark circular object is viewed against a very strongly 
illuminated background. It is, however, very desirable that 
all such peculiarities should be carefully recorded and watched 
in future. There may be more in them than we realize at 
present, or it may possibly be found that Mercurj'^ possesses a 
gaseous, or cloudy envelope, susceptible of considerable changes 
from time to time. It will be specially important to notice 
whether any ring of light, such as an atmosphere might cause, 
can be detected just as Mercury is entering, or is about to enter, 
upon the disc of the Sun, or just as it is leaving it. At such 
a time the dark body of the planet may undoubtedly be seen 
projected upon the Sun's corona at least two minutes before 
the first contact of the edges of the discs occurs.* 

After all, however, whether the planet be observed by the 
unassisted eye when at its greatest elongation from the Sun; 
or whether we watch, by means of a telescope, the waxing and 
waning of its phases; or study it upon those rarer occasions 
when it appears as a dark round spot in transit between the 
Earth and the Sun; we regret that we can discover but little of 
interest connected with it ; in fact, we fail to detect even such 
indications of its physical condition as the observers of a cen- 
tury or more ago have recorded. 

We believe that it has been stated that some indications of 
watery vapour have been noticed when the spectroscope has 
been applied to its light. But its situation is generally most 
unfavourable for such observations ; since it must be seen, either 
in the midst of the overpowering glare of the Sun's rays, if 

the centre of the planet^s disc; and Dr. Little, at Shanghai, a darkish halo 
ronnd Mercury, but no bright spot upon the disc. See R. A. S. Monthly 
Notices, January 1882. 

* See the observation at Orwell Park Observatory, in the R. A. S. 
31onthly Notices, vol. xxxviii, p. 414. 
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the Sun be not set ; or else low down in the mists of the horizon, 
and through an immense extent of the Earth's atmosphere. 
We are not surprised, therefore, that even the spectroscope, 
which tells us so much about most of the heavenly bodies, and, 
in revealing to us the secrets of their condition, finds distance 
no obstacle so long as their light can be duly examined, fails 
to give us any very certain indications .with regard to Mercury. 

We must then be content, in spite of every effort that we may 
make, to know but little of this planet. At the same time we 
have endeavoured to show that we know quite enough to make 
us very strongly doubt its habitability. If we choose to specu- 
late upon its future, we may perhaps allow ourselves to imagine 
that it is waiting to be the abode of life, until the Sun be so far 
cooled that its proximity to it will be just such as to secure for 
its inhabitants a comfortable temperature ; by which time it 
may be that the vapours which now boil and seethe around the 
globe of Mercury may have become condensed so as to form 
useful constituents of its soil, or be changed into seas and 
oceans, rivers and lakes, some of which may then be detected 
through its clearer atmosphere as dark spots similar to those 
which are now seen upon the disc of Mars. 

This however assumes that, under such circumstances, there 
would be astronomers upon the Earth still unfrozen, and 
ready to observe them, — which is hardly probable. For, if it be 
true, as some suppose, that the Sun is really gradually cooling, 
it is also most likely, by the time that Mercury would be habit- 
able, that the Earth would be as dead and desolate as the 
Moon already is. If we are to believe in the habitability of 
other planets, in addition to that of the Earth, it is therefore 
most reasonable to suppose that each has its turn as the abode 
of rational beings, rather than that more than one or two are 
habitable at the same time. 

Of this we may be tolerably certain, that we should at 
present be very much too warm upon Mercury, although we 
have, of late years, often wished to feel somewhat more of the 
Sun's genial rays upon the Earth. 
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LECTURE VII. 

THE PLANET VENUS. 

** The star that bids the shepherd fold, 
Now the top of heaven doth hold ; 
And the gilded car of day 
His glowing axle doth allaj 
In the steep Atlantic stream." — Miltok. 

We must now wing our flight to a planet much larger, much 
more brilliant than Mercury ; one that from time to time 
approaches nearer to the Earth than any other ; but one whose 
very beauty is so dazzling that, bold as our eyes may be, we 
are forced to turn from its contemplation with baffled gaze. 

We refer to Venus, admired, we may feel sure, ever since the 
Earth has been inhabited, when seen as the morning or evening 
star ; but, in these days, when the habit of late rising is, we 
fear, becoming increasingly common, more often as the latter 
than as the former. 

The size of Venus is nearly the same as that of the Earth ; 
its diameter only falling short of the Earth's by about ^V^h 
part ; its surface by about j^th part ; its volume by between 
^th and T^x^^t part. But its orbit and the speed of its move- 
ment round the Sun differ much more considerably from those 
of the Earth. We will therefore repeat, in a somewhat varied 
form^ so much of the table, which we gave in Lecture V., a& 
may enable us to contrast its orbital motion with those both 
of Mercury and of the Earth. 

Day». MxlsM. 

{has ft ) fa mflftn dis* ^ ( ) 

year of [• 88 -^ tanoe from the \ 38,000,000 •{ SJKSSt T ot nearly 30 miles per sec. 
nearly) ( ronofftbout ) | velocity | ^ ^ 

Vbwb m 2U ,, 67,000,000 „ of between 21 ft 12 „ 

TxbSabtk „ 366 „ 83,000,000 „ „ 18 ft 19 „ 

The only point which calls for special remark in the above 
figures is, that the greater each planet's distance is from the 
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Sun, the longer is its year, and the slower its velocity of move- 
ment; while a little arithmetical calculation woald show 
that the numbers stated above agree very satisfactorily with 
Kepler's 3rd Law, which was explained in the same Lecture. 

There is, however, one peculiarity connected with the orbit of 
Venus, which distinguishes it from every other planetary orbit ; 
viz., that it is more nearly circular than any other. We have 
stated, in Lecture VI., that the fraction jth represents the oval- 
ness of Mercury's orbit, because the Sun is situated at one-fifth 
of the distance between the centre and one end of the major 
axis of the ellipse which that planet describes. For the ellipse 
in which the Earth rotates around the Sun the corresponding 
fraction is /x^th, which indicates an orbit much more closely 
approximating to a circular shape. But for that of Venus it is 
only about rrr^t; as a consequence of which it follows, that the 
distance of Venus from the Sun never exceeds or falls short of its 
mean value of about sixty-seven millions of miles by so much as 
half a million. The whole change in its distance is therefore less 
than one million of miles ; while Mercury's distance from the 
Sun varies from twenty-nine to forty-three millions of miles; — 
or, in other words, changes by as much as fourteen mOlions of 
miles in the course of its year ; — and that of the Earth varies 
&om ninety-one and a half to ninety-four and a half millions 
of miles; or changes by three millions of miles. 

If we compare the semi-minor axis and the semi-major axis 
of the orbit of Venus by the rule which we gave in connection 
with our explanation of the form of an ellipse, in Lecture V., 
page 119 ; we find that they only differ by about ^^ioo ^^ P*^^ 
of either; that is, by less than 1,600 miles. 

It is also worthy of notice that the plane of the path of Venus 
is tilted to that of the Earth, or, in other words, to the plane 
of the ecliptic, less than one-half as much as that of Mercury. 
With the exception, however, of some of the minor planets, the 
tilt is greater than in the case of any other planetary orbit. 

Venus may, of course, be seen, from time to time, at a much 
greater apparent distance from the Sun, and at a much less 
actual distance from the Earth, than Mercury, as is indicated 
by our previous diagram (Fig. XXXIX.), in which the com- 
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parative paths of each of these planets and their maximum 
elongations from the Sun are represented. We are thereby 
much assisted in our observations of Venus. At the same time, 
the excessive brilliancy of its light (to which we have already 
briefly referred) acts as a counterbalancing disadvantage, and 
to a considerable extent neutralizes the effect of the more favour- 
able positions in which we see it. It is in general found that 
the best views are obtained when a telescope is directed to it 
during daylight. But in the middle of the day the Sun's heat 
often causes the atmosphere to be very much disturbed. The 
most favourable time of all is consequently shortly before sun- 
set, or soon after sunrise ; and even then a slightly tinted glass 
may frequently be used with advantage, in order to diminish 
the brightness of the telescopic image. 

With regard, however, to naked-eye observations of Venus, 
the most interesting point to .be discussed is the way in which 
the relative distances of its orbit and of that of the Earth 
from the Sun, and the consequent changes in its apparent 
diameter and in its phase (both of which are illustrated by 
Figs. XXXVIII. and XXXIX., Lecture V.), cause the 
brilliancy with which it shines to be at times unusually 
great. Or, to use somewhat more technical language, we 
may ask, — under what circumstances is the total amount of 
light received from Venus a maximum ? 

Before, however, we proceed to answer this question, let us 
carefully notice that we are not speaking of the intrinsic bright- 
ness (as it is usually termed) of the planet's surface when seen in 
a telescope. This simply depends upon its distance from the 
Sun, and its own reflective power, and is not altered by any 
change in its distance from the Earth ; because, the bright- 
ness of any illuminated area is unaffected by ita distance from 
an observer (if the light from it be supposed to traverse empty 
space), so long as the size of the area is appreciable.* 

* The truth of this statement depends on the fact that, if the area be 
brought nearer, it appears just so much larger as the total quantity of 
light received from it is greater, which light consequently only suffices to 
give it the same intensity of illumination as before. The same argument| 
of course, holds good in a reversed direction, when such a surface is 
removed further away. 
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But if the surface observed is sufficiently distant to have no 
visible area (as in the case of Venus when viewed hy the riaked 
€ye\ so that the brightness of the object is estimated simply 
by the whole amount of light received from it, then its apparent 
brightness will be the greater the nearer it is to the observer. 

In regard, therefore, to naked-eye observations of Venus, its 
light and its apparent brilliancy would be greatest when the 
planet is at its nearest approach to the Earth ; and least, when 
it is at its &rthest departure from it ; roere it not that its phase 
(or the ratio which the illuminated portion bears to the whole 
area of the disc which is turned towards us) changes from time 
to time. 

Before, however, we begin to take this change of phase 
into consideration, we must remember that each degree of 
^hase' corresponds to a certain distance from the Earth. 
We must therefore, in the first place, calculate what amount 
of light we should receive from the planet, not only at its 
greatest or least distances from the' Earth, but at any inter* 
mediate distance, supposing that its whole disc remained illu- 
minated; and then, in the second place, estimate how mucli 
the corresponding phase stiir further alters the amount of light 
which reaches us. 

Now apart from any change of phase, the total amount of 
light which we receive must vary, according to a certain well- 
known law of optics, inversely as the square of the distance of the 
planet from us. But the apparent area of its disc, as seen by 
means of a telescope, varies according to exactly the same law.* 
We may therefore ti^e the apparent size of the telescopic disc of 
Venus at any given time to represent the total amount of light 
that an observer watching it, without the aid of a telescope^ would 
receive from it ; so that the whole areas of the first and fifth 
circles in Fig. XL VI., which are drawn to represent the compara- 
tive sizes of the disc, seen with the same telescopic power, when 

* For mstanoe, if Yenus were to recede, at any given date, to twice the 
distance from the Earth at which it was at a previous date, the apparent 
area of its disc, seen by a telescope, would be reduced to one-fourth of its 
previous size, inasmuch as that area varies as the square of the ai^)arent 
diameter, which would be reduced by one-half. 
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Venus is respectively at its furthest distance from the Earth, 
and very nearly at its nearest approach to it, will equally 
serve to represent the comparative total amounts of light 
which would be received from it on the two occasions in ques- 
tion, and the comparative brilliancy which it would display to 
an observer viewing it without the aid of a telescope, if in each 
case the whole of its surface turned towards him were illuminated 
by the Sun's light. 

But, as is represented in the view of the phases of an inferior 
planet given in Fig. XXXVIII., the whole of the half of Venus 
seen from the Earth, when its position corresponds very nearly 




Fig. XLVI.— ComiMurative diameters and phases of Venus: 1. When at its sreatest dis- 
tance from the Earth ; S. When gibbous ; 3. when* seen at its greatest elongauon fWnn the 
Sun : 4. When at its greatest brimancy ; 6. When very nearly at its nearest approach to the 
Earth. 

to the size of the fifth circle in Fig. XL VI., would be dark ; 
while the whole of the smaller apparent disc represented by 
the first circle would be bright It is therefore clear, that in 
6ome intermediate position the greatest total amount of light 
will be actually received from it. And it is found that this 
occurs when its phase is as in No. 4 of the five figures shown 
above, or when about one-fourth of its disc is illuminated. 

In fact, all we need to do in order to determine the exact posi- 
tion in question, is first of all to draw a series of circles, whose 
diameters are greater or less according as Venus is nearer to 
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or farther from the Earth; next, to blacken all that portion 
of each which^ as seen from the Earth, would, according to the 
corresponding phase of Venus, be dark ; and then to measure 
our various figures and find which of them has the largest 
area unblackened. 

The final result of all this explanation is therefore as 
follows: — When Venus shines with its maximum brilliancy, as 
seen by the naked eye, its phase is (as in No. 4 of the above 
figures) very nearly the same as that of the moon when it is 
about 3^ days old^ or one-fourth full. Venus is at such a time 
considerably nearer to the Earth than when it is at its greatest 
apparent distance, or elongation (see Fig. XXXVI.) west or 
east of the Sun. But if it come any nearer, the diminution of 
its pha$e more than counteracts the increase in its light which 
its greater proximity would otherwise produ(ie. On the other 
hand, if it go further away, the phase increases in width, and 
soon appears in a telescope to be similar to that of a Moon 
half-full (as in No. 3 of the above drawings), and presently • 
similar to that of one more than half-full, or gibbous (as in 
No. 2); notwithstanding which, the total light received from 
it is less. In fact, it may be computed, that the half-moon 
phase, which corresponds to the greatest apparent elongation 
of Venus from the Sun, sends to us about three-fourths of the 
greatest possible amount of its light ; while the planet would j 
only appear to shine with one-fourth of its maximum brilliancy ' 
if, in spite of the solar glare, it could be seen at its furthest 
distance from the Earth upon the opposite side of the Sun, 
notwithstanding that its whole disc would then be bright. 

We have explained in Lecture V. that the combined effect of 
the orbital motions of the Earth and of Venus is to make 
the latter appear to travel once round the Sun in 584 days, 
although its actual revolution in its orbit is accomplished in 
225 days. An interval of 584 days consequently takes place 
between its being seen in any given position relatively to the 
Sun, and its being so seen again. Once therefore in every 584 
days (Le., upon an average, since some allowance must be made 
for slight irregularities in its movements), the planet will attain 
its greatest brilliancy as an evening star, and once in the same 
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time as a morning star. Oar previous explanation (in Lecture V.) 
also makes it evident that these two occurrences will not divide 
the whole period of 584 days into two equal parts. In fact, 
the interval between the planet's being at its greatest brilliancy, 
first as a morning and then as an evening star (during which 
time it passes beyond the Sun), is about 512 days; leaving 
only 72 days between its being successively at its greatest 
brilliancy as an evening and then as a morning star. 

Again, it should be noticed, that five times 584 days very 
nearly amount to eight terrestrial years, and are also equal, 
within less than one day, to thirteen times the actual period 
of Venus itself around the Sun, which is almost exactly 224^^ 
days. It follows, therefore, that, if at any given time, in any 
given year, a conjunction of circumstances causes the position 
of Venus, as seen in our northern latitudes, to be particularly 
&vourable ; that is to say, if the Earth happens to be close to 
that part of its own orbit in which it is at its nearest to the 
Sun (and therefore also to Venus), at the same time that the 
planet is in such a part of its orbit that it is seen after sunset, 
or before sunrise, at a considerable altitude above the horizon, 
— very nearly the same state of things will recur eight years 
afterwards. The planet was, for instance, exceptionally brilliant 
and well placed for observation in January 1870, and in January 
1878, and we may therefore predict that it will be so in January 
1886. When thus situated, its light is fully sufficient to cast a 
very distinct shadow, which may be well shown by opening the 
window of a dark room, while a rod is held in front of a sheet 
of white paper, upon which the shadow will be plainly visible. 

At such times Venus may be seen with comparative ease 
with the naked eye at mid-day, by those w\\o know where to 
look for it. Occasionally, when the requisite conditions are 
fulfilled with exceptional accuracy, it has been so conspicuous 
as to attract the notice of a crowd. 

Arago tells us * that there is a tradition recorded by Varro, 

that, "in his voyage from Troy to Italy, ^Eneas constantly 

perceived this planet, notwithstanding the presence of the Sun 

above the horizon." • He also states that Bouvard had informed 

* Arago'B " Popular Astronomy/* English Edition, vol. i., p. 700. 
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him, how General Bonaparte, upon repairing to the Luxem- 
bonrg, to attend a ftte given to him by the French Directory 
in 1797, was much surprised at seeing the multitude in the 
Rue de Tournon pay more attention to the region of the heavens 
above the palace than to himself or his retinue. The General 
then learned to his astonishment that, although it was noon, 
they were watching the planet Venus, which they supposed to 
be the star of the Conqueror of Italy ; and on looking in the 
direction indicated, he also saw it himself.* 

By way of contrast to the case of Venus, whose greatest 
brilliancy is attained (as we have shown) when its phase is 
less than half-full, it is a somewhat interesting fact that the 
greatest brilliancy of Mercury occurs when it is more than half- 
full, and when it is, consequently, in the further part of its 
orbit from the Earth ; the diminution of light, owing to the 
decrease of the apparent diameter of its disc, being more than 
compensated, in its case, by the increase of its phase. To 
prove that this must be so would need some calculation, but 
it may not be hard to understand that it arises from the fact, that 
the diminution of its apparent diameter, caused by the increase 
of its distance, is proportionally less than it is for Venus, while 
the proportionate increase of phase is the same. It is stated 
in Dr. Ball's " Elements of Astronomy " (p. 264), that a planet 
revolving at 41,000,000 miles would be brightest when half- 
full ; one further from the Sun, when its phase has a crescent 

* Although Venus U at times more conspicuous than was the case in 
1881, the writer observed that, even on Easter Monday, twenty-two day^ 
after March 27th, the date of its maximum briUiancy, the planet could be 
easily distinguished at noon with the naked eye, when its position had 
first been discovered with an equatoreally-mounted telescope. It may also 
be worthy of mention, that, at the beginning of April, in the same year,, 
his brother-in- law returned home one afternoon, and said that he had been 
much surprised to see, in the middle of the day, while walking along a 
street in the east of London, the Sun, the Moon, and a star, all com> 
paratively near together in the heavens. It was the young Moon and 
Venus which he thus perceived, without knowing where to look for the 
planet, or even being aware that it might be possible to see it. Again, on 
May 23rd, in the same year, sixteen days before its next subsequent date- 
of maximum brightness, it was seen with the naked eye at noon, in Suffolk^ 
by the writer of this lecture. 
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form^ as in the case of Venus ; one nearer, when gibbons, as in 
the case of Mercury. 

We have said in our last lecture that Mercury does not 
appear so brilliant as we should expect that it would, if its 
light were for the most part reflected from a dense canopy of 
cloud. On the other hand, the brilliancy of Venus is so great, 
that we have little doubt that what we see is chiefly cloud, and 
not the true surface of the planet. Chacomac found its bright- 
ness to be ten times greater than that of the most luminous 
parts of the Moon ; which would assign to it a light-reflecting 
power fully five times as great as that of those parts, since the 
sunlight received by it is not quite twice as intense. But this 
can hardly be the case ; inasmuch as the late Professor ZoUner 
found the average reflective power of the Moon's surface to be 
such as to send back about ^th of the light incident upon it. 
The best investigations yet made indicate that the light- 
reflecting power of Venus (or, as it is sometimes technically 
termed, its albedo^ or whiteness) is rather more than three times 
as great as that just stated for the Lunar surface as a whole. 

The period of the rotation of Venus upon its axis rests upon 
stronger evidence than that of Mercury. So long ago as 
1666 the eldest Cassini, while observing it, in the clear sky of 
Italy, watched a bright spot upon its surface, which returned to 
a similar position in about 23 hours. This observation was 
afterwards, to some extent, confirmed by others made by 
Bianchini, who about a.d. 1724 detected the apparent rotation 
of several dark spots.* Again, in 1789, SchrOter, having 
undertaken a careM examination of the disc with a seven* 
foot refiector, discovered a small luminous point in the dark 
hemisphere, slightly separated from the southern horn of the 
crescent. This point he supposed to be a high mountain, whose 
summit caught the Sun's rays before they reached the sur- 
rounding regions. He also tells us, that a blunted appearance 

* Bianchini announced the period as 24 days 8 hours, but Gassini^s son 
(who is generally known as Cassini 11., or James Cassini) showed that 
Bianchini had not been able to watch the planet continuously, and that 
a rotation of 23 hours 20 minutes would equally satisfy his observations,, 
by supposing that it had really gone round 25 times, while he imagined 
that it had only rotated once. 
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of the southern horn of the crescent occurred at regular 
intervals, which lasted for a short time, and which he considered^ 
was in iJl probability caused by the shadow of a peak of the 
same mountain range, whose illuminated summit he believed 
that he saw. From the interval at which the same appearances 
recurred, he deduced a rotation of the planet in 23 h. 21 min. 
19 sec., which was in close agreement with the value previously 
obtained by Cassini.f We may remark that we have our- 
selves at times thought the above-mentioned blunting of the 
southern horn (the uppermost in a telescopic field of view) to 
be very evident. Upon one occasion it appeared to be so dis- 
tinct, that, when we requested several of our friends, notwith- 
standing that they were unaccustomed to such observations, to 
look through the telescope in succession, and independently to 
record anything remarkable which they might see in either 
horn, they unanimously selected the same one, and noticed 
this peculiarity in it. At the same time we must accept with 
very much reserve Schr5ter*8 measurements of the supposed 
height of this, or of any other mountains, which he mentions 
as irregularities in the edge of the illuminated part of the disc. 
To the loftiest of such mountains he assigned an approximate 
height of twenty-seven miles, which represents a proportionate 
elevation about five times as great as that of the highest upon 
the surface of the Earth. 

There are some other peculiarities connected with Venus 
which deserve mention ; for instance, that when it is seen as 
a crescent there appears to be a gradual fading-away of its 
light towards the boundary between the illuminated and 
unilluminated parts ; as also that the corresponding dividing 
line between these two portions does not appear to be exactly 
a straight line, so as to make the phase similar to that of the 
moon when half-full, at the time when calculation indicates 
that it ought so to do ; there often being a discrepancy, one 
way or the other, of three or more days in the time when the 
half-full moon phase is seen. 

* See Grant's " History of AjBtronomy/' p. 234. 

t Subsequent observations by De Yioo and others at Rome, in and 
after the year 1 839, have also very closely confirmed this result. 
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These effects may be in some way connected with the nature 
'of its cloudy, or vaporous envelopes, but we cannot say that 
any thoroughly satisfactory explanation of them has as yet 
been given. It has sometimes been stated that the outer edge 
of the crescent phase appears to be its brightest part ; but 
careful observations, in which its light has been continuously 
diminished by the use of a wedge of dark glass, have indicated 
that the brightest part is not at the outer edge, but somewhat 
within it, so that the light is reflected, to some extent, as it 
would be from a vitrified or polished spherical surface, in 
which one special spot would shine with surpassing brilliancy. 
Hence it has been recently suggested that the reflection of the 
light of Venus may be specular, or mirror-like ; an idea which 
must, however, be considered to be extremely hypothetical. It 
may, moreover, be well that any such hypothesis should be 
allowed to lie by for the present, as its suggestion originated 
a considerable amount of rather animated controversy. 

Much more certain are the indications of an atmosphere 
of the planet, which are afforded by the extension of the 
cusps, or fine terminating points of the crescent, beyond a 
semi-circumference, into the darkened part of the disc. This 
has been noticed by Sir W. Herschel, as well as by Schr5ter, 
and by many others in more recent times. Observations have 
also been made by Professor Lyman, of Yale College, U.S., 
and, we believe, by at least one other observer, of a fine thread 
of light seen all round the planet, at the time of its inferior 
conjunction, when its dark side is altogether turned towards 
the Earth. And certainly during its transits in 1761, 1769, 
and again in 1874, both just before and after it entered upon 
the Sun's disc, a ring of light indicating an atmosphere of 
considerable refractive power was seen. 

We have therefore very good grounds for believing that Venus 
is possessed of an atmosphere ; which we also suppose to be 
heavily laden with clouds, owing to the brilliancy of the light 
reflected to our gaze. 

We have already discussed the transits of Venus in our first 
lecture upon the Sun, in which we explained their exceptional 
importance in reference to the determination of the Sun's 
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distance from the Earth. In this place, therefore, we need only 
remark with regard to them, that we hope, that in the coming 
transit of 1882 very careful attention will be paid to any 
indications which may be seen of the planet's physical condi- 
tion, or of the nature and extent of any atmospheric appendage 
belonging to it. 

Our readers must certainly by this time (if not before) have 
begun to think how little that is certain, or important, has after 
all been discovered about this planet, so beauteous to the naked 
eye, so baffling in the telescope. Nor is it much less tanta- 
lizing, that we are unable to give satisfactory explanations of 
some appearances, which are in themselves more sure. As an 
instance we may refer to one, which is generally described as 
a greyish light occasionally noticed upon the dark part of 
the planet's disc. It is most often seen in observations made 
during daylight or bright twilight, and is termed by French 
observers la luyniere cendree. It faintly enlightens the re- 
mainder of the disc, when the planet is so situated that its 
illuminated phase is slight (as in No. 5 of the drawings in 
Fig. XLVI.) How it is caused it is hard to say, unless it 
be by some optical delusion. No reflected light from the 
Earth, such as illuminates the dark part of the disc of the 
young Moon, could possibly suffice to produce it. It has 
been suggested that it may arise from phenomena of an 
auroral character, or even from some kind of phosphor- 
escence in the planet's surface; but it must, we think, be 
confessed, that the enigma is one which is still unsolved. It 
is certainly sufficiently interesting to deserve further and 
careful study. 

Another curious fact in the history of the planet is, that 
for about a hundred years, viz., from 1672-1764, observations 
were made from time to time of a supposed satellite belonging 
to it. It is generally considered that such appearances were 
caused by minute images of the planet formed by successive 
reflections between the glasses of the eye-piece of the telescope 
used, or between it and the observer's eye,* which would the 

* See also in R. A. S. Monthly Notices for January 1882, p. Ill, how a 
smaU bright crescent was seen near to Venus by Mr. Denning, which was 
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more easily prove deceptive, because tlie phase of such a 
satellite (if it existed) would, when seen from the Earth, 
necessarily be the same as that of the planet, and cause it to 
look like a smaller image of the latter. 

A curious incident of a somewhat similar effect may be cited 
in the tiny companion star, which M. Otto Strove, for some 
time, believed to belong to the bright star Procyon. Professor 
Newcomb also states, in his "Popular Astronomy" (p. 297), that 
one of the eye-pieces of the great Washington telescope shows, 
under certain circumstances, a beautiful little satellite alongside 
of Uranus or Neptune, which, however, disappears when the 
telescope is moved. Nevertheless Mr. Webb remarks (in his 
" Celestial Objects ") that it is difficult to apply the explanation 
of an optical delusion, produced by instrumental effects and 
sometimes called a telescopic ghosty to Short's observations in 
1740, who, by the employment of two different instruments, 
and four different eye-pieces, took every precaution against 
error. 

For our own part, although we can hardly believe that a 
satellite of Venus has as yet really been seen, we must confess 
that it appears difficult to explain how observers of some time 
since should have been able to see, or should have thought that 
they saw, so much more than we can see. We are almost 
tempted to ask, — Did their telescopes, or did their fancy, deceive 
them? It may, however, be well, if further observations, with 
a view to the possible discovery of a satellite, be made with 
modern instruments of the most improved construction, either 
under the clear skies of Italy or of Algiers, or on some elevated 
site, such as that of the new Lick Observatory in the moun- 
tainous regions of North America. It will also be quite worth 
the while to watch carefully with very powerful telescopes 
during the transit of Decenxber 1882, for the appearance of any 
very minute satellite or satellites of Venus (similar in size to 
those of Mars) upon the disc of the Sun. 

found to be caused by sunlight falling upon the sliding-tube of the eye- 
piece. In the above paper many interesting observations of the planet 
are recorded, accompanied by some striking drawings of spots and other 
markings and irregularities of its surface. 
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We have already mentioned that the size of Venus does not 
greatly differ from that of the Earth. It is also found, from 
calculations of its mass, that the attraction of gravity upon its 
surface is within one-fifth part of being the same. In this 
respect Venus would therefore be much better suited than 
Mercury (upon which the attraction of gravity is only about 
one-half as great) for the habitation of beings like ourselves. 
Nor would the intensity of the Solar heat be nearly so fierce as 
upon Mercury, since the Sun would only have an apparent dia- 
meter two-fifths larger than that which it presents to us ; while 
its apparent area, although nearly double that which we see, 
would only be of one-fourth of its average size as seen from 
Mercury * The heat and light received would, in like manner, 
be about twice that received by the Earth, and about one-fourth 
of that received by Mercury. We have, moreover, shown that 
there is much more reason to believe, in the case of Venus than 
in that of Mercury, in the existence of a dense envelope of 
cloud, which might possibly in some degree mitigate the Solar 
heat. But, if the observations of SchrOter, or even the more 
recent observations of De Vico and of those who assisted him 
in 1839-1841 be correct, it would seem, that the tilt of the axis 
of the planet to the plane of its orbit is such, that the climatic 
conditions upon it would be very greatly opposed to its 
habitability. 

SchrOter considers the tilt of the axis to the plane of the orbit 
to be about 15°, and De Vico about 37°, while in the case of the 
Earth the corresponding inclination is 66|°. As a consequence 
the arctic zones of the Earth extend to a distance of 23|° from 
its poles, 2.^., to a latitude of 66|° from its equator, while the 
1 ropics extend to 23.2° on each side of the equator, or 66i° from 
the poles. Upon Venus, if SchrOter were correct, the arctic 
regions would extend to 75° from the poles, and the tropics to 
75° from the equator ; while about 53° would be the limit in 
either case, according to De Vico. 

But even on this latter more moderate supposition the arctic 
circles would come down below the half-way parallel of lati- 
tude of 45°, and the tropics would reach to 8° beyond it. A 

♦ See Fig, XLIV., Lecture VI. 

Digitized by VjOOQ IC 



THE PLANET VENUS. 



fUKIVSRSITVy 

zone of 16°, in what would otherwise be the ™^^4^?P^^?^ 
region, would consequently be the least suited for ififcfflliOSLi ^-^ 
as in one half of the year it would experience a tropical summer, 
and in the other half an arctic winter, during which latter sea- 
son the Sun would wholly disappear (according to the latitude) 
for a greater or less number of days. As is the case upon the 
Earth, so, in like manner, for places situated within the more 
extensive tropical regions of Venus, there would be two days 
in each year in which the Sun would be vertical at noon ; but 
between those dates the tropical summer days would not (like 
our own) be but little longer than one-half of the number of 
hours in which the axial rotation of the planet is performed; on 
the contrary they would increase toa maximum duration of nearly 
twenty-three of our hours (if we suppose that to be the true 
rotation-period of Venus) for places situated near to 37° of N. 
or S. latitude, as in places upon the Earth lying but little 
below an arctic circle ; while in localities situated between 37° 
and 53° of (tropical) latitude upon Venus daylight would be 
continuous for a certain number of days in the middle of the 
period in question. In either case the gradual increase of 
temperature caused by the excess of the heat received by day 
over that lost by night, would, we think, of necessity become 
utterly unbearable. 

Upon the whole it therefore seems, that, even if other 
reasons might not force us to deny the habitability of Venus, 
any such axial inclination as the above would make it im- 
practicable, unless perchance to a number of unsettled beings, 
who might, according to the season, migrate from place to 
place, in order to choose the most bearable climate ; so that, 
instead of emigration being a remedy for a local intensity of 
over-population, as upon the Earth, a perpetual state of 
migration would be the normal condition of existence upon 
Venus. When we remember how few of those who would in 
winter time be glad to change the snows, gales, and fogs of 
England for the gentler climate of southern France, or of the 
Mediterranean, are able to do so, we may realize how improb- 
able it is that there are any residents upon Venus, if it be only 
habitable upon some such supposition as the above. 

y Google 
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The probable tilt of the axis of Venus is, however, so very 
uncertain, that it may be well to consider the above paragraph 
as a geometrical exercise upon the possible effects of a certain 
axial inclination in a planet, rather than a statement of what is 
really to be considered as the state of things probably existing 
upon Venus itself. 

It is certainly the case that the observations and drawings 
of the spots and markings upon the surface of Venas, to 
which we have already referred as made by De Vico and 
others at Rome, in 1839-42, as well as those of some 
observers of more recent date, for the most part agree very 
fairly with those of Bianchini in the years 1726 and 1727 ; in 
fact, sufficiently well to give, as we have stated, remarkably 
accordant results for the supposed period of its rotatioa 
deduced from their apparent movements. And yet modera 
astronomers (see, for instance, the opinion of Dr. Vogel, in 
Part II. of the " Bothkamp Observations," published in 1873) 
feel great doubt as to the period in question. Much more, 
therefore, may we feel extreme uncertainty as to the inclina- 
tion of the planet's axis, with regard to which not only do 
modern observations give no information, but older observa- 
tions are very discordant.* 

To conclude this lecture we will quote, fr<4m p. 71 of Cham- 
bers' " Handbook of Descriptive Astronomy," a translation of 
the curious anagram in which G^ileo announced to Kepler 
the detection, by means of his telescope, of the phases of Venus; 
a discovery which afforded a most important confirmation of 
the truth of the great Copernican theory of the Solar System, 
and which, we think, it may still be interesting to read in the 
form in which it was originally expressed. Galileo wrote : — 

'• H8BC immatuta a me, jam fnistra, leguntur.^-o. y." 
** These things not ripe (for disclosure) are read, as yet in vain, by me ; '' 
or, 
" These things not ripe ; at present (read) in vain (by others) are read 
by me/' 



* For further information upon these and many other points of interest 
connected with the planet, we may refer our readers to the new edition 
of the Rev. T. W. Webb's " Celestial Objects for Common Telescopes." 
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This, when transposed, becomes — 

^^ C3rnthiffi figuras ffimiilatur Mater amorunu'' 

^' The Mother of Love (Yenus) imitates the phases of Cynthia (the 
Moon)." 

To follow the gradual change of these phases as their width 
continuously diminishes, while the diameter of the disc simul- 
taneously increases, until at last the illuminated area, as is 
shown in Fig. XLVL, is reduced to the finest possible sickle- 
like line of light ; or, vice versdy to watch the increase of phase 
while the diameter diminishes; — is perhaps, even for those whose 
telescopes are by no means powerful, one of the most beautiful 
and interesting sights that the heavens afford. 
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LECTURE VIII. 

THE EARTH. 

" Age here on age 
" Lies heaped like wither'd leares. And must it end ? " 

Bailbt. 

In discussing the Earth as a member of the Solar System, 
or in comparing it with the other planets which circle round 
the Sun, either within or without its orbit; it is almost 
impossible to say where astronomy begins and geography and 
geology end ; or, to use a term of somewhat recent invention, 
it is by no means easy to define the boundary-line between 
astronomy and physiography. 

Some of the smallest variations in the Earth^s movements 
involve results of the deepest import in its past geological 
history, and in the interchange of glacial and torrid epochs. 
A deviation from perfect regularity in its shape, which might 
at first sight seem of little moment, causes the precession of 
the equinoxes, and changes the whole aspect of the heavens, as 
they are seen from any given terrestrial locality, in the course 
of eveiy 26,000 years. The temperature of a mine ; the density 
of the air at the highest altitude the aeronaut can attain; 
the speed with which a pendulum oscillates at the equator, 
or near to either pole, or in any intermediate latitude ; the 
greater accumulation of ice at the south than at the north 
pole ; the varying duration of twilight ; the beauties of the 
Aurora ; the Earth's ever-changing magnetic currents ; the 
disturbances of the action of telegraphic instruments ; the rain- 
fall of any given year ; the tides and currents of the ocean ; 
the fury of a cyclone ; the throbbing of an earthquake ; the 
glowing fire of a volcano; the regulation of every watch and 
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clock we use ; the adjustment of our calendars ; the deter- 
mination of our standard weights and measures ; the energy 
required to leap over a wall, to draw a train, or to propel a 
cannon ball, — are all closely connected with important dis- 
coveries in Astronomy ; while much besides, which might at 
first be thought to belong to the simplest and most ordinary 
events of every-day life, may also be shown to depend upon, or 
to illustrate, some fondamental astronomical principle. 

Where, then, are. we to fix the limits of our discussion, 
amongst the fascinating lines of thought which at every point 
tempt our pursuit ? Were we to yield to the temptation, we 
should soon find how many subjects there are connected with 
the Earth, each of which, for its worthy treatment, might well 
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Fig. XLVII.—Incidenoe of the Son's rays apon a place in the North Temperate Zone 
at noon at the time of the Bunmer Solstice. 

demand a long series of lectures. It will, we think, be our 
wisest course simply to endeavour to put together here a few 
of those elementary truths connected with the Earth, and its 
present, or past, condition and circumstances, which are most 
closely related to Astronomy ; although we may, in so doing, 
devote a little additional space to some points of special 
interest, which, in our opinion, frequently meet with less 
attention than they deserve. At the same time, we must crave 
the kind indulgence of our readers if we make little mention 
of some well-known facts which are explained in almost every 
elementary text-book; or omit some others because of their 
abstruse and difficult nature, however fully they may belong 
to astronomical science. 

Amongst the former we may place the general explanation 
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of the cause of the seasons of the Earth's year — Spring, 
Summery Autumn, and Winter — to which our allusion shall be 
comparatively brief. The diagrams in Figs. XLVII. and XL VIII. 
may be sufficient to show, that^ in the summer of either hemi- 
sphere, the Sun's rays fall with a nearer approach to verticality 
at noon in the temperate zones, than in the winter^ so that the 
heat of the summer season of the year is consequently increased. 
In the former figure a place, Q, is supposed to be situated in 
45° of north latitude. QZ is the direction of the zenith. Qs is 
the direction of the Sun's centre at noon, which, owing to its 
inmiense distance, is almost exactly parallel to the line drawn 
from E, the Earth's centre, to that of the Sun. The direction 




Fill?. XLVHl.— lui^iilmiria ifi tLu? tiuu ji my* m^^jn i* piM:^ lU tuv .\urui Tsia|ieiCB£e 
SSouo lit Q«*u ut the Umu of iliv Winter Soletioo* 

of the Earth's axis is drawn so as to correspond to the date of 
the summer solstice* 

In Fig. XL VIII. the northern extremity of the Earth's axis 
(which axis remains parallel to its previous direction) is 
located just as much beyond a perpendicular to the direction of 
the Sun, as, in Fig. XLVIL, it was on the sunward side of the 
same perpendicular (which in that figure is indicated by a 
dotted line) ; and it is evident that the angle zqs is much 
larger than before, so that the Sun's rays will deviate much 
more from the vertical — i.e., from the direction of the zenith — 
than in Fig. XLVIL 

It is only another way of stating the same fact (as these 
diagrams also indicate), to say that, at noon on any day iu 
summer, the Sun will be higher above nh, the horizon of such 
a place as q, than in winter ; the day upon which it is highest 
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being called that of the snmmer solstice ; a name which 
signifies that the Sun, after having gradually approached 
nearer and nearer to a pole of the heavens, stops or pauses 
for a brief interval before it begins to recede again. And^ 
since the Sun appears, like all the other heavenly bodies, day 
by day to describe a circle round one of the celestial poles, in 
consequence of the rotation of the earth upon its axis, it follows, 
as a result of the smaller radius of the circle which its smaller 
distance from the pole involves, that it will be much longer 




Fig. XLIX.— The Sun's diurnal paths bme, BiMiBi, BtMfia. at an equinox and at the 
winter and smnmer solstices reepeotively, for a place in 46^ of north latitude. 

above the horizon of any given place in summer than] m 
winter.* The diagram in Fig. XLIX. is mtended to illustrate 
this last statement. 

In the above figure, n. h. and s. h. represent respectively the 
north and south points of the horizon of any given place ; 
the position of the north pole of the heavens being shown 
for one which is situated in about 45'' of north latitude. 

* That is to say, with the exception of a place situated upon the equator, 
where ihe days and nights respectively are of equal length all the year 
round. 
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When the San rises exactly in the east, and sets exactly in the 
west (as it always does at the time of an equinox), its apparent 
diurnal path will be bme, b and m being exactly half-way 
between n.h. and s.h. The circle bhe consequently represents 
a day of 12 hours in length, of which b is the beginning, m the 
middle (at noon), and E'the end. But in the height of sum- 
mer, the Sun's distance from the pole will be so much less, 
that its path will correspond to the circle BjMjEa ; while in the 
middle of winter it will be BjMiBi. It is not difficult to see, 
that, in the latter case, the duration of the day is -shortened so 
as to be less than 12 hours, while in summer it is corre- 
spondingly lengthened. 

Fropa our preceding statements it therefore follows that there 
are two causes which conjointly produce the difference between 
the various seasons of the year ; the first, the greater altitude 
of the Sun, and the consequent nearer approach of its rays to 
perpendicularity ; and the second, the greater length of the day 
in summer than in winter. This latter effect also (so to say) 
intensifies itself, from the fact that, when the duration of the 
day exceeds 12 hours, and is consequently longer than that of the 
night, the heat received accumulates, because more is gained 
in the day than is lost in the night.* It therefore results that 
the greatest heat of summer is not attained at the time of the 
summer solstice (Le. at the end of the third week of June), 
but some time afterwards, the temperature in the meanwhile 
increasing to some extent; just as it does, day by day, for a cer- 
tain length of time after noon, the daily maximum not being 
reached until about 2 p.m. 

We have thus briefly referred to the fact that the length of 
the day in either hemisphere depends upon the Sun's distance 
from the corresponding pole of the heavens, and we have 
indicated, in Fig. XLIX., that, the further it is from the 
pole, the sooner will it in setting meet the horizon, the later 
will it cross it in rising. We think, however, that a somewhat 
fuller consideration of its apparent daily path, as seen from 
different localities^ and at different seasons of the year in any 

* In the latitude of London the longest day is about 16 hours 34 minutes, 
and the shortest night about 7 hours 26 minutes. 
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given locality, may for several reasons be both interesting and 
profitable. 

To this we will, therefore, now proceed ; but, before we 
actually enter upon the explanations involved, we will mention 
a little difficulty which we believe to be often felt in connection 
with the definitions usually given of those points in the heavens 
to which we have already several times alluded as its North 
and South Poles. They are frequently defined in astronomical 
treatises to be the points where a prolongation of the Earth's 
axis would meet the imaginary celestial sphere to which the 
places of all the heavenly bodies are referred ; but at other times 
they are said to be the points in which a line drawn through 
the centre of the Sun, parallel to the aforesaid axis of the 
Earth, would meet the same sphere ; and some of our readers 
may have wondered that two definitions, apparently so different, 
should thus be given. We wish, therefore, to state that they 
are reaUy equivalent. 

In comparing these two definitions, we must allow that, at 
first sight, it might be thought that it must necessarily make 
some difference, whether the direction in which the north or 
south pole of the heavens lies be that of a straight line drawn 
through the Earth's centre at any given time, or of a parallel 
line through a point (viz., the Sun's centre) which is 93,000,000 
miles distant. Still more, according to the first definition, 
might it seem hard to believe, that it matters not, whether the 
parallel direction be taken through the Earth's centre at any 
given date, or six months afterwards, when its position has 
changed by a distance equal to 186,000,000 of miles. But, as 
we have stated, it really makes no appreciable difference, and 
for this reason, — that the celestial sphere, or spherical surface 
upon which the poles are located, is imagined to be so immensely 
distant, that the whole area of the Earth's orbit, stretching 
across a space whose diameter is not far short of two hundred 
millions of miles, i% as a point, or as nothing^ in comparison 
with the distance to that sphere. 

It is therefore impossible to distinguish between the inter- 
sections of the prolongation of the Earth's axis with the far- 
distant celestial sphere, at any two given dates, while the 
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Earth keeps travelling onwards in its orbit, and at the same 
time maintains the direction of that axis (except so far as some 
slight effects of precession and nutation are concerned) con- 
stantly parallel to itself. It is for a similar reason that the 
two rows of trees in a very long straight avenue seem to meet 
in the extreme distance ; or, to use the language of mathematics, 
that parallel lines may equally well be said, either never to 
meet, or only to meet at infinity. 

It may consequently, we think, be understood, that all the 
year round the pole of the heavens would appear to a spectator 
at the pole of the Earth to be immediately above him, unaltered 
in position by the orbital motion of the Earth. If, therefore, 
the pole star were exactly at the pole, instead of being about 
1J° from it, its place would always be exactly in his zenith. In 




Fiff . L.— The poles of the heavens are seen in the horizon bj an 
observer at the Earth's equator. 

the same way an observer upon the Earth's equator, whose 
zenith lies in a direction perpendicular to the Earth's axis (or 
at an angle of 90° from it), sees the poles of the heavens, all 
the year through, 90° from the point of the celestial sphere 
immediately above him ; ue. he sees them (approximately) in 
his horizon, their positions respectively corresponding to its 
north and south points. This is illustrated in Fig. L., in 
which z is the zenith, e the observer's place upon the equator, 
IS and 8 the north and south points of the horizon, n and 8 the 
poles of the Earth. 

The only diflSculty which the above figure really involves is 
this; — that the horizon-plane shown in it is supposed to pass 
through the Earth's centre, instead of being drawn (in accord- 
ance with the most usual acceptation of the word) as a paralld 
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plane touching the Earth at e^ the place of observation. We 
are glad^ therefore, of the opportunity which this diagram thus 
affords us, to mention that the former plane is technically 
termed that of the rational horizon, the latter that of the 
semsible horizon. Although, however, this difference exists, we 
must remember that we have shown in our previous explanation 
of the position of the poles of the heavens, that we may 
consider them to be so almost infinitely distant, that the 
whole area of the Earth's orbit may be considered to be a 
mere point. We are, therefore, still more justified in treating 
the Earth itself as if it were a point in comparison with the 
radius of the celestial sphere. If we do so, the two planes in 
question at once become coincident, and the difficulty, which 
might otherwise be seen in the diagram, disappears. 

In fact, the difference of the rational and sensible horizons 
need only be regarded when we are concerned with the obser- 
vation of those few of the heavenly bodies, such as the Moon, 
the Planets, or the Sun, which are sufficiently near to the 
Earth for its size to be in some degree comparable with their 
distances from it. We do not propose to explain the way in 
which a slight allowance is made in such cases, according 
to which of the two above-mentioned horizons is used in any 
given observation, although the explanation really involves 
no practical difficulty. It suffices for our present purpose 
that we are justified in making the statement, that either 
pole of the heavens would be seen vertically overhead all the 
year rounds by an observer at the corresponding pole of the 
Earth ; and Uiat it would in like manner be approximately 
seen in the horizon by an observer situated upon the Earth's 
equator. 

The next point to be noticed with regard to the position 
in which the pole of the heavens appears, when seen from 
other places upon either hemisphere of the Earth, is, — that, 
from any intermediate locality between the equator and one 
of the Earth's poles, the celestial pole is seen in a corre- 
sponding and intermediate position between the observer's 
horizon and his zenith. If we travel northwards from the 
equator, the north pole of the sky gradually rises higher 
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above the horizon as we increase oar north latitude ; if 
southwards^ the same is the case with the celestial south 
pole as we increase our south latitude. And the rate at 
which the elevation of the pole takes place exactly corre- 
sponds with the change of an observer's latitude, so that, in 
either hemisphere, the rule to find its position is this : — Look 
at a point whose altitude above the north point of the horizon 
in the northern hemisphere, or above its south point in the 
southern hemisphere, is measured by the number of degrees in 
the latitude of the place of observation ; you will then look in 
the direction of the corresponding celestial pole. 

This rule is generally expressed in the following brief form : 
The apparent altitude of the pole of the heavens is equal to 




Fig. LI.— The altitude of the Celestial Pole above the horison iB equal to 
the latitude of the place of obtervutioD. 

the terrestrial latitude of any given place. It may also easily 
be understood that this law would bring the pole to the 
observer's zenith, or 90° above his horizon (as we have pre- 
viously shown ought to be the case), by tiie time that he 
would reach one of the poles of the Earth, or a latitude 
of 90^ 

Fig. LI. illustrates the application of the above rule to a 
place situated in about 50° of north latitude. 

In the above figure, o is the observer's position; z his zenith; 
n and s the poles of the Earth, and eq its equator ; k and s 
the north and south points of the horizon ; p the north pole 
of the heavens. It is not diflEicult to see that the angle 
between the two straight lines drawn from k and p to the centre 
of the Earth (which is measured by the arc np); i.e. the alti- 
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tade of the celestial pole is equal to that between two others 
respectively perpendicular to these two,* viz., those drawn from 
o and e to the Earth's centre, the angle between which is 
measnred upon the Earth by the arc eo^ i.e. by the observer's 
terrestrial latitude; — in other words, the rule given above 
holds good, that the altitude of the pole of the heavens, as 
seen from any place, is equal to the latitude of that place. 

Having premised thus much, we may now be able to con- 
sider what the apparent daily motion of the Sun will be, as 
seen from any given place, at any given time. Owing to the 
diurnal rotation of the Earth upon its axis, which is from west 
to east, it will, of course, appear to describe a circle, during 
each day, around the pole of the heavens from east to west. 
And as we have shown where that pole will be seen, the only 
remaining question that we now need to ask is, how far from 
it will the Sun be on any given day ? That distance will then 
decide the size and position of the diurnal circle which the 
• Sun will appear to describe. 

But the tilt, or inclination of the Earth's axis, is at an angle 
of 23|^ from a direction perpendicular to the plane of the 
ecliptic in which the Earth performs its journey round the Sun. 
It is not, therefore, difficult to perceive, from the diagram in 
Pig. XLVII., that, at the time of the summer solstice of either 
hemisphere, when the pole of that hemisphere is tilted towards 
the Sun, the angular distance from it at which the Sun will be 
seen will be 23^° less than a right angle, i.e. 66|° (a right angle 
being measured by 90° out of the 360° into which the whole 
circumference of the heavens is usually divided). In like man- 
ner, at the winter solstice of either hemisphere, it may be equally 

* This statement, that the angle between any two straight lines is eqnal 
to that between two others respectively perpendicular to them, is, of 
course, always true ; and not only in the above special instance. The 
unmathematical reader may easily convince himself that it is so, by draw- 
ing diagrams of a few particular cases, and measuring the angles involved ; 
or he may take two straight lines inclined at any angle, and first suppose 
one of them, and then the other, to revolve through a right angle, in 
the same direction ; when it will be evident that the angle between them 
must be the same as before, although each occupies a position perpen- 
dicular to that in which it was originally placed. 
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well perceived, in Fig.XLVIII., that the angular distance of the 
Sun from the corresponding pole will be 23|° added to 90°, or 
113|^^ It also follows, that the polar distance of the Sun at 
the equinoxes, which occur just half-way between the solstices, 
will be half-way between these two values, e.^., exactly 90® - 

Bemembering this, let us first of all take the case of 
an observer supposed to be at the north pole of the Earth, and 
see what will be the effect during the year of these varying 
distances of the Sun from the north pole of his heavens. That 
pole (as we have previously explained) will always be vertically 
over his head, 90® from the horizon. On the day of the summer 
solstice the Sun, being only 66|' from the pole, must attain to 
an elevation of 23 J° above the horizon. It would therefore go 
round, during the day, exactly in a horizontal circle, were it 
not that, directly it has thus attained its shortest apparent dis- 
tance from the pole, it begins to increase it again, in conse- 
quence of the Earth's continuous orbital motion. It will 
therefore really appear, day after day, to describe a spiral, the • 
successive loops of which will be very nearly horizontal, until, 
at the end of six months, on one particular day (viz., that of 
the equinox) when its apparent distance from the pole becomes 
equal to 90®, its centre will travel almost exactly round the 
horizon. After this, the Sun will very soon altogether dis- 
appear below the horizon, and remain unseen during the next 
half-year. 

To an observer travelling southwards from the north pole, 
the Sun's daily path would become more and more tilted from 
a horizontal direction, owing to the position of the pole, round 
which it daily appears to revolve, being (as we have explained) 
gradually lowered ; until at the Arctic Circle there would only 
be one day in the year, viz., that of the summer solstice, in 
which it would just escape passing below the horizon. On 
that one day, as is shown in Fig. LII., the distance of the Sun 
from the pole being 66^°, and the distance of the pole above 
the north point of the horizon being also 66^®, the Sun at 
midnight would just graze the horizon. 

On the other band, at the equator, the poles of the heavens 
being in the horizon, and the polar axis being horizontal, the 
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Sun's daily path around either pole, as is shown in Fig, LIII., 
will always be vertical. The Sun will rise at e (due east), 
and set at w (due west), on the days of the two equinoxes, 
owing to its distance of 90^ from either pole being then the 




Fiff. UL— Diurnal path of the Sun on the day of the summer aoUtioe, seen ttom a olaoe- 
* ^opon the Arctic Oirole in 86io of north latitude. ^ 

same as the distances of the points e and w, which are 
half-way between the poles, or 90° from either of them. It will 
also, on the sanie days, be vertically overhead at noon, since the 
zenith, z, is also 90° from the poles. In fact, its path will be 
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IHc. Lm.— Diurnal paths of the Sun szw, ns'c, juv, as seen from the equator of the* 
^Tth, at an equinox, and upon the days of the Deoemher and June solstices respectively. 

in the circle ezw. But before, or after, those dates, it will 
cross the horizon, in rising and setting, to the north or south 
of east and west respectively; and it will cross the meridian^at 
noon, north or south of the zenith, owing to its diminished^ 
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or increased, distance from the celestial pole ; its extreme 
positions being attained on the days of the solstices ; upon 
one of which (in December) its distance from the north pole 
of the heavens is (as we have previously mentioned) 118J°, 
while upon the other (in June) * its distance is only 66^*^. Its 
diurnal path upon the day of the December solstice is therefore 
represented by the curve db c; and upon the day of the June 
solstice by the curve jun. 

If, instead of the poles being supposed to be in the horizon, 
as in the above figure, the north pole be supposed to be 
elevated to a moderate extent above it, and the south pole 
to be equally depressed below it, as would be the case for 
a place situated between the equator and the Tropic of Cancer 
(for which' the elevation of the pole, being equal to the latitude 
of the place, would be less than 23^""), it is not difficult to 
understand that a somewhat similar figure would apply. The 
Sun's path would not be quite vertical, as in Fig. LIIL; 
but it would pass through the zenith, so that the Sun 
would be vertically overhead at noon, on tn>o days in each 
year, when its angular distance from the north pole would be 
equal to the distance of that pole from z. Indeed, for any 
such place this latter distance must be between 66^° and 90°; 
and the Sun's north polar distance diminishing from 90"" at 
the equinox to 66^° on the day of the June solstice, it is a 
necessity of the case, that on some day before that solstice, and 
at an eqtial interval after it, the two must l3e equal to one 
another ; from which it would result, that the Sun would pass 
through z at noon. In the interval between these two dates 
it is also evident, since the Sun's angular distance from the 
north pole would be less than that of z, that it would cross the 
meridian (b'zu in the above figure) to the right of z, or on 
the opposite side of it to that upon which it would pass 
during the rest of the year. It may in like manner be seen 
that a similar effect, relatively to the south pole, would occur 
for places situated between the equator and the Tropic of 
Capricorn, by supposing the sofuth pole to be elevated above 

* The respective dates at present are June 21st or 22nd, and December 
2l8t or 22nd. 
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the horizon to a distance not exceeding 23^^ in a figure similar 
to Fig. LIIL* 

In neither case most it, however, be supposed that the 
temperature of the season would necessarily be lowered between 
the two dates in question. It is no doubt true that, during 
the first half of the interval between them, the Sun would 
fall increasingly short of being vertically overhead at noon, 
until, after the occurrence of the solstice, it would begin to 
draw nearer to the zenith again. But it must be remembered 
that, at the same time, the duration of daylight would increase 
up to the date of the solstice, in consequence of which the heat 
might upon the whole become greater. ^ 

The above explanation, at any rate, shows that it is not quite 
correct to say (as is sometimes done) that, in such inter- 
tropical localities, there are two summers in each year, but 
rather that there are two epochs at which the Sun is verti" 
eally overhead at noon. It will also be evident, if such figures 
as we have suggested be drawn, that, at those dates, the Sun 
rises and sets at points of the horizon somewhat to the 
north of east and west respectively, as seen from a place 
between the equator and the Tropic of Cancer ; and somewhat 
to the south of east and west respectively, as seen from one 
which is between the equator and the Tropic of Capricorn; 
while on the days of the equinoxes, when it rises and sets due 
east and west, it crosses the meridians of two such places 
respectively south and north of the zenith, because its equi- 
noctial distance of 90° from the pole is then greater than the 
distance from the pole to the zenith. 

Such are the principal peculiarities in the Sun's diurnal 
path produced by a change in an observer's latitude, or by the 
effect of the inclination of the Earth's axis in different posi- 
tions of the Earth in its annual orbit. We have endeavoured 
to present, in as clear a form as possible, the explanation of 
them which is usually given. But it must be confessed, that, 

* If the place of observation be exactly upon either tropic, the distance 
of the corresponding pole from z "will of course be exactly 66j^^, and 
there will be only one day, viz., the day of the corresponding solstice, 
upon which the Sun will pass through the zenith. 
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in order to the thorongh understanding of the matter, no 
diagrams or words can be so eflfective as some simple model 
or apparatus,* by which the movements in question may be 
graphically represented. 

Many other very interesting phenomena, to which we can 
only allude in passing, are closely connected with that recur- 
rence of the seasons which we have thus described. Amongst 
these, the trade winds deserve especial mention : as also the 
existence of the neutral zone, between them, commonly called 
the Doldrums ; and the shifting, to a certain extent, of the trade 
winds, which corresponds to the Sun's alternate passage to the 
north or south of the equator. Then again the monsoons, in- 
duced, when the Sun thus passes northwards, by the highly 
heated condition of the African deserts : — the descending^ 
currents, north and south of the regions of the trade winds, 
of the air which has risen with an augmented temperature over 
the equator, and has been cooled at higher altitudes : — ^the 
east winds which vex England in spring, and arise from the 
excess of the heat of the Atlantic Ocean over that of the central 
parts of the continent of Europe, which causes the air above 
that ocean to ascend, and to be replaced by a colder indraft 
from Russia : — are all related to the recurrence of the seasons. 

To a similar cause many great ocean currents may also be 
attributed ; amongst which we may name the mighty volume 
of the great Gulf Stream, to whose far-reaching warmth our 
own climate is doubtless much indebted ; and, by way of 
contrast, the frigid current which gives an almost arctic cha- 
racter to the climate of Labrador ; — a current which, flowing 
southwards in the depths of the ocean from the neighbourhood 
of the north pole, gradually obtains, after the manner of the 
trade winds, a certain amount of relative motion towards the 
west (owing to the more rapid eastward motion of the parts to 
which it travels), so that it impinges vigorously against that 
rocky coast, and, as it surges up, cools the surface of the 
surrounding sea. 

But a more interesting question than any other which is 

* When thiB lecture was delivered at Gresham College it was iUus- 
trated by models specially constructed for the purpose. 
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connected with the seasons and climates of the Earth, is that 
which has become so well known through its elaborate dis- 
cussion in Dr, CroU's learned work, "Climate and Time." 

When we go back in thought to ages long past ; when we 
investigate the stratification of the Earth's rocks, and study 
the reyelations of geology; we fii^d the Earth's climatic zones 
have been far from constant. At one time, for instance, there 
is every proof, in the fauna and fossil remains that have been 
found, that England had a climate similar to that of the torrid 
zone. K so, the first idea suggested by such a discovery might 
perhaps be, that, at such a time, the Earth had not cooled 
down to its present condition, but was altogether hotter than it 
now is ; in fact, that the temperature of eoery climatic zone 
was intensified by the Earth's internal heat. 

But such a hjrpothesis cannot for a moment be maintained. 
For we have the strongc^st evidence that such periods of greatly 
increased heat altematedy from time to time, with what are 
termed Glacial Epochs^ in which the whole of the British 
Isles were covered to a great depth with solid ice ; so that they 
were, in fact, in much the same condition as that in which 
Oreenland is at present. We are, therefore, at once tempted 
to inquire, — ^What other cause or causes could have brought 
about so remarkable a result? 

Our Sun being doubtless a periodical star to a slight extent, 
f.e., so far as the occurrence of sun-spots is concerned, we may 
ask, — Can its periodicity ever have been sufficient to have 
produced such epochs? But we are forced to answer that 
there is no evidence to justify such a supposition. 

We must consequently look to some cause connected with 
the Earth itself, with its movements, or with its orbit, or with 
the inclination of its axis to the plane of the ecliptic, for the 
origin of the phenomena in question. 

Now, it is undoubtedly the case, that the united effect of the 
attraction of the other planets changes the inclination of the 
Earth's axis to the plane of the ecliptic by about 2|° in the 
course of every ten thousand years ; its present value of 66 J° 
being very nearly the mean of its greatest and least values. 
It is also true, that the smaller this value the greater would be 
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the distance of the arctic circles from the poles. The above 
change of inclination would, therefore, in all probability, pro- 
duce an effect upon the temperature of the Earth, as a whole, 
and especially upon the climate of the polar regions, which 
would be by no means inconsiderable.* 

But the climatic effects to which we refer are much greater 
than any which could thus arise. It has, therefore, been sug- 
gested that the alternation of glacial and torrid epochs may 
have in some way arisen from the elevation, or depression, of 
large districts, which may, from time to time, have produced 
a great change in the comparative distribution of land and 
water, and in the great ocean currents of the globe, and conse- 
quently in the distribution of heat upon the Earth. We prefer, 
however, to leave to geologists the discussion of any such 
hypothesis as this, and the results to be deduced from it ; 
only remarking, that, if we understand the question rightly, 
changes of climate, involving the occurrence of glacial epochs, 
have not only taken place in England in very remote ages, but 
also in what, speaking geologically, may be termed compara^ 
tively recent times, during which no extraordinary alteration 
has occurred in the elevation or depression of neighbouring 
continents and seas. 

It is purely from an astronomical point of view that we wish 
to refer to Dr. Croll's theory, especially as we believe that its 
importance may be decidedly increased, if it should be possible 
absolutely to prove that glacial epochs have not only alternated 
with tropical epochs, but that the occurrence of the one epoch 
in a given hemisphere has corresponded to the occurrence of 
the other in the opposite half of the globe. 

Dr. Oroll suggests that the cause of the occurrence of these 
epochs is to be found in an accumulative result, produced by 
a small change in the ovalness^ or eccentricity^ of the Earth's 
orbit ; which change, although very slow, continues in the 
same direction for very long intervals of time, and arises from 
the united effect of the attractions of all the other planets. At 
present, as we have explained in Lecture Y., the Earth's orbit 
is an ellipse which differs but little from a circle, its major axis 
* See " Climate and Time," pp. 398 et seq. 
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being about 186,000,000 miles in length. The eccentricity, or 
ovalness, of this ellipse is represented by '016, or very nearly 
by the fraction ^ ; which means that the Sun is ^th part of 
the way from its centre to its circumference, measured along 
its principal diameter ; in other words, that the Sun is about 
1,500,000 miles from the centre of the curve. 

The Earth is, therefore, at present, at the time of midwinter 
in our hemisphere, very nearly 3,000,000 miles nearer to the 
Sun than it is when in the opposite part of its orbit. 
Moreover, it is generally considered that, at a given latitude, 
winter is colder in the southern than in the northern hemi- 
sphere, and sunmxer cooler in the northern than in the southern 
hemisphere ; i.€., it seems as if the greater proximity of the 
Sun mitigates our winters, and intensifies the southern sum- 
mers. There may be some who will at once say : " Of course, 
this result might naturally be expected." But the connection 
of cause and effect is not in this instance as obvious as it might 
at first appear to be. For it also happens (see Lecture Y., 
page 121) that the Earth travels at its highest speed when it 
is at its nearest to the Sun. It therefore gets through the 
most favourable part of its orbit for receiving heat most 
rapidly ; in fact, it moves, upon the whole, just so much the 
more slowly at one time than at another, that it receives 
altogether an exactly equal amount of solar heat in each half 
of its yearly course. 

Nevertheless, as we have stated, observation appears to 
indicate that the more intense heat of- the southern summer in 
some way fails to make up, in its effect upon the climate, for 
the more intense cold of the southern winter. And we believe 
the principal reason of this is, that, when snow is deposited 
and formed into ice, as it is in an arctic winter, the quantity of 
Solar heat which, under the actual climatic conditions involved, 
is required to remove it, is much greater than would be the 
case if it could be applied under more favourable circumstances. 
For the heat of the summer, as it shines upon the frozen sur- 
face, raises fogs which hinder its own action, while it is engaged 
in dispersing the ice by changing it from a solid to a liquid, 
or vaporous, state. Over the equatoreal regions the same heat 
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diso raises an excessive quantity of yapoor and cload, which is 
carried by upper aerial currents towards the polar regions, 
there again to increase the fall of snow. 

We have not space in which to discuss this question at any 
length (and we are aware that a good deal may be said against, 
as well as in favour of Dr. CroU's theory), but we must confess 
that it may be very fairly maintained, that the Earth's greater 
distance from the Sun during the southern winter does really 
cause the cold of the southern arctic zone, and of the southern 
winter as a whole, to exceed that of the northern hemisphere. 
It is also strongly urged in support of this opinion, that, even 
if all possible allowance be made for the configuration of land 
and water, or for the action of ocean currents, and for the 
effects of the existence of a great southern antarctic continent, 
there nevertheless appears to be no other sufficient explanation 
of the decidedly greater accumulation of snow and ice which 
is met with by mariners who have sailed towards the south 
pole ; so that, although it has been found possible to reach a 
latitude of more than 83^° north,* the nearest approach to the 
south pole as yet attained is but little beyond 78^ of south 
latitude. 

Assuming this to be the result of an eccentricity of ^ in 
the Earth's orbit, we may easily understand that a considerably 
increased eccentricity would, in all probability, produce a 
greatly enhanced effect of a similar kind. And it has been 
calculated that some 210,000 years ago the eccentricity 
equalled about 3^ times its present value, and that it has 
varied according to the subjoined table: — 

The eccentricity of the Earth's orbit J is at present '0168 



20,000 years ago it was 

40,000 jy it had a minimum value 
100,000 „ it was . 
200,000 „ „ . . . 

300,000 „ „ . . . 

400,000 it was almost exactly the same as now 



•0188 
•0109 
•0473 
•0569 
•0424 
•0170 



* By Captain Miirlrhftni (second in command of Sir G. Nares' expedi- 
tion), and Lieutenant Parr, in 1876. 
t By Sir J. C. Ross, in the expedition of 1839-43. 
X Some additional values are given in Beckett's * ^Astronomy without 
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Much fdller tables, extending to 3,000,000 years of past time 
and 1,000,000 years of fdture time, with diagrams of illustrative 
curves, are to be found in Dr. CrolPs treatise. It is there 
shown that there have been various intermediate and minor 
oscillations of value, and that more than a million years ago 
the eccentricity was occasionally reduced to so small a value, 
that it was only equal to |, or J, or even \ of the smallest 
value, '0109, mentioned above. But the most interesting 
point to be noticed is, that during a period of some 200,000 
years, from about 100,000 to about 300,000 years ago, it 
maintained an exceptionally large value ; and that about the 
middle of that period it reached a maximum value of '0575. 

It is also of great importance to remember that, if the eccen- 
tricity remained unaltered (whatever its value might be), the 
northern and southern hemispheres would interchange any 
eflfect produced by it every 10,600 years. We cannot go into 
the proofs of this last statement, which indicate that the pre- 
cession of the equinoxes, in consequence of its period being 
26,000 years, would produce such an alternation of effect once 
in each 13,000 years, were it not for a modification caused by a 
movement of the perihelion of the Earth's orbit, which reduces 
the 13,000 years to 10,500. The result, however, is, that about 
10,000 years ago, the summer of the southern hemisphere 
(instead of, as at the present time, that of the northern hemi- 
sphere) must have occurred when the Earth was in that part 
of its orbit in which it is at its nearest to the Sun, and that the 
same will be the case about 10,000 years hence. As far as this 
precessional effect is concerned, there might consequently result 
at such intervals, even with the present value of the eccentricity, 
an increased accumulation of snow and ice in the northern hemi- 
sphere, similar to that which at present exists in the southern 
hemisphere. 

But during the period of great eccentricity, which, as we have 
stated, appears to have lasted from about 100,000 to 300,000 

Mathematics/' p. 51, where the whole question is very ably discussed. 
There is also an interesting table of the past and future eccentricities 
of the orbits of Mars, Mercury, and Venus, as well as of that of the 
Earth, in Lardner's "Astronomy," edited by Dunkin, article 785a. 
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years ago, we may suppose that the same alternate eflfect in 
the two hemispheres must have been of very much greater 
intensity. It has, indeed, been estimated by Dr. OroU, that 
the consequent diminution of the winter temperature, when the 
eccentricity was at a maximum, about 200,000 years ago, must 
have amounted to 73 degrees Fahrenheit below its present 
average value in our temperate regions."*" Instead of the 
Earth's distance from the Sun varying at opposite seasons of 
the year by 3,000,000 miles, it would then have varied by 
10,600,000; and the winter of one hemisphere, instead of being, 
as at present, about one week longer than that of the other, or 
than its own summer, would have been nearly a whole month 
longer. 

It may therefore be considered very probable that, under 
such circumstances, glacial epochs would occur, first in one 
half of the world, and then in the other; with intervals of about 
1 0,500 years between their respective maxima in either hemi- 
sphere. And during a period of 200,000 years, about ten may 
have occurred in each hemisphere, some more intense than 
others, according to the value of the eccentricity of the orbit 
for the time being; whilst, in alternation with them, a climate 
of a tropical nature may have extended, first in one and then 
in the other hemisphere, to a much greater .distance from the 
equator than at present. 

Although it must be allowed that some of the arguments and 
conclusions, which we have thus quoted, have been more or less 
disputed, we believe that no one can deny that they deserve the 
fullest consideration, or that they afford a most excellent example 
of the importance of the results which may follow in all astro- 
nomical investigations, from causes apparently most trivial; 
the whole question depending upon an eccentricity which, at 
the highest value, — viz., '0575, — involved in our discussion, 
would only produce a difference of less than 300,000 miles 
between the m%jor and minor axes of the earth's orbit. 

It may be some comfort to our readers to know that no 
glacial epoch of such a description is likely to occur again for 

* The outline of the calculation involved is quoted and explained in 
^ Astronomy without Mathematics," p. 52. 
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a very long time to come. The ovalness of the Earth's orbit, 
upon the increase of which the effect in question depends, is 
now steadily diminishing, and will continue to do so until about 
25,000 years hence. It will then begin to increase again, until 
in 60,000 years' time it will have about the same value as at 
present; and it will not exceed that value, except very slightly, 
for 100,000 years to come. 

Next to the shape of the Earth's orbit, and its effects, in 
combination with the inclination of the Earth's axis, upon the 
climate of the various regions of its surface, perhaps the most 
important question to be discussed is, — What is the Earth's size 
and shape ? We need not here descant upon the proofs ordinarily 
given that its shape is very nearly spherical, as it may be sup- 
posed that almost every child at school in these days is taught; 
that the way in which the distance of the horizon is increased 
as the mast of a ship at sea is ascended, while it retains a 
circular boundary line; the disappearance, as one ship sails 
away from another, first of its huU, then of the lower masts, 
and finally of the highest rigging; the shape of the shadow of 
the Earth upon the Moon in a Lunar eclipse ;— all prove the 
Earth to be approximately a sphere. Experiments made with 
a spirit-level upon the suifaoe of an extended expanse of still 
water, which show a fall of about eight inches in a mile^ 
indicate the same fact. Nor is it difficult by actual measure- 
ment also to obtain a somewhat rough approximation to the 
Earth's size. 

But if the astronomer is to make reliable observations, he 
needs to find out much more than this. It is always funda- 
mentally important to know, not only the exact instant at 
which any observation is made, but also the exact locality of 
the observer who makes it; and this involves an extremely 
accurate acquaintance with the size and shape of the Earth upon 
which he is placed. We may know where the Earth is in its 
orbit at the moment in question, but this is not enough; we 
also need to know the precise point of space to which the 
observer is brought by his position upon it. In order to ascer- 
tain this, long and elaborate measurements of the distances 
between selected points upon the Earth's surface must be 

13 
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made, conjointly with determinations of the directions in which 
given stars are seen from them. Observations of the attractive 
force of the Earth upon bodies on its surface are also very 
useftil and important. We will endeavour to give some slight 
idea of the way in which these various kinds of observations 
are utilized. 

As the first step in the operation, it is not very difficult to 
discover that the Earth's form, although not precisely spherical, 
is very nearly that of a surface of revolution, t.e., that it is 
symmetrical with respect to an axis passing through its 
north and south poles. In travelling along the equator, it is 
found, by observations made with a pendulum, or by some 




Fig. LTV.— Showing how a spheroid may be prodnced by the revolation of an 
ellipse about its shorter and longer diameters re8pectivel3'^. 

other means, that the attraction of the Earth does not vary. 
It consequently follows that every point of the equator must 
be very nearly at exactly the same distance from the Earth's 
centre, or, in other words, that the equator is a circle. In like 
manner it may be proved that other parallels of latitude are 
also circles. This indicates that the Earth's form is such as 
would be generated by some curved figure revolving round an 
axis. But the next question is : — What must be the shape of 
this curve ? If it be a circle, the Earth will be a sphere. If 
an ellipse, the Earth will be what is called a spheroid. If 
the diameter (pp^) about which the ellipse revolves be the 
longer, the shape of the spheroid will be that of a sphere with 
matter added near the poles, as in the right-hand drawing in 
Fig. LIV. ; if pp^, as in the left-hand drawing, be the shorter 
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diameter, the shape will be that of a sphere with matter added 
near to the equator. 

How are we to decide which of these two cases corresponds 
with the reality ? We can do so by measurements made upon 
a line drawn upon the Earth due north or south from the 
equator to a pole. K the earth were a sphere, this line would 
be a quarter of a circle, and would subtend at the centre o, 
an angle of 90° of latitude. And if it were divided into 
equal parts, such as ab, bc, cd, etc. (see Fig. LV.), each of 




Fig. LV.— Showing that upon a spheroid uf the nhape of the Earth, an arc of a given 
number of degrees of latitude increases in length as we pass from the equator to a pole, 
and that the plumb-line does not in general pass through the Earth's centre. 

them would subtend at o, an equal angle ; while the straight 
lines joining o to a, B, c, d, etc., would all be perpendicular to 
the surface at the points where they would meet it ; in other 
words, the direction of a plumb-line, or of the vertical to the 
surface, at each of them, would pass through the centre of the 
Earth. 

Now it is easy to know when we have gone a distance cor- 
responding -to any given number of degrees of latitude, e.g. 16°, 
by noticing the successive positions a, b, c, d, etc., at which 
the direction of some particular star is found to have changed 
by 15° when compared with that of a plumb-line. When we 
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do SO, we do not find that the distances ab, bc, cd, etc., are 
equal. On the contrary, we are obliged, each successive time, 
to go somewhat further before the direction of the star has 
changed by the angle in question. It therefore follows that 
the curve which we traverse is not a circle ; and it also results 
that the direction of the plumb-line does not continually pass 
through the centre of the Earth. Accurate observations prove 
that the curve is really an ellipse, and that the plumb-line suc- 
cessively passes as in the above. Fig. LV. ; the actual result 
of careful calculations being, that the length of an arc, corre- 
sponding to one degree of latitude, gradually increases from 
about tt8| miles close to the equator, to about 69| miles close 
to the poles. 

Some exceedingly slight tendency to an elliptic shape has 
also been suspected in the sections of the Earth, perpendicular 
to its axis, i.e.y parallel to the equator, which we have pre- 
viously described as circles ; but it is so slight, and so &r 
doubtful, that we need take no notice of it. The Earth to all 
intents and purposes may be described as a spheroid, such as 
would be formed by. the revolution of an ellipse round the 
shorter of its two principal axes. This ellipse differs from a 
circle to an appreciable, but by no means to any great extent ; 
in fact, only so far as to make the polar diameter of the Earth 
about 13^ miles shorter than the equatoreal diameter. In 
other words, a person at the pole is about 6| miles nearer to 
the Earth's centre than he would be if he were at the equator. 

We reserve for explanation in our next succeeding lecture 
some interesting experimental proofs of the Earth's rotation, 
together with several methods by which the diflGicult problem 
of the determination of its weight has been very skilftiUy 
solved. At the same time we shall also discuss the very 
important question — whether its period of rotation upon its 
axis is constant, or slowly changing ;-^r, to express the same 
problem somewhat difierently, how far the length of the day at 
(the present time differs from what it has been in the past, or 
will be in the future. 
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LECTURE IX. 

THB EABTH (continued). 

'' That Bpinning sleeps 
On her soft axle as she paces even, 
And bears us swiftly with the smooth air along." — Milton. 

We have already several times spoken of the Earth's polar 
axis as that about which it rotates. It may perhaps be 
thought that it is hardly necessary to offer to a contemplative 
mind any proof that the Earth really possesses such a rotation, 
in addition to that weighty testimony which is afforded by the 
apparent daily motion of the stars, and of all the other heavenly 
bodies, around an axis passing through the north and south 
poles of the sky. When we consider the enormous distances 
of the stars, and the consequent enormity of the supposition 
of their all going round the Earth once in every twenty-four 
hours, as the ancient astronomers (who really knew nothing 
about those distances) supposed ; and when we contrast with 
this the beautiful simplicity of the supposition that all these 
immense movements are only apparent, and are caused by 
the one simple fact that the Earth rotates day by day 
upon its axis, we can hardly escape the conviction (as we 
have more fully explained in Lecture V.) that this is the 
true explanation. 

But proofs actual and positive may be asked for ; and such 
can be given. For instance, if the Earth be revolving on its 
axis, the top of a high tower, being further from that axis 
than its base, must describe a longer circumference as it is 
whirled round from west to east ; and must consequently 
possess a more rapid eastward motion. If a body be let fall 
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from the top, it will therefore have the greater velocity of 
the point which it leaves, and will not fall exactly vertically, 
but a little to the east of the foot of the tower. 

The above experiment, originally suggested by Sir Isaac 
Newton, a.d. 1679, was first made in that year by Dr. Hooke, 
of Gresham College. The . balls were, however, dropped 
from so small a height — 27 feet — that any apparent deviation 
noticed was probably produced by other causes. In a.d. 1791 
and 1792 the Italian philosopher Guglielmini let fall a series 
of balls from the Asinelli Tower at Bologna. They descended 
through 257 English feet, and exhibited a deviation, which 
was, upon the whole, in the right direction ; but various 
precautions, which had not been taken, were found to be neces- 
sary in order to ensure a more accurate result. In 1802 Dr. 
Benzenberg therefore repeated the experiment at St. Michael's 
tower in Hamburg, from a height of 260 feet, when the 
observed deviation towards the east proved to be •355 of an 
inch. This was in remarkably close agreement with *342 inch, 
the value calculated by theory. 

For a similar reason a body dropped over the centre of a 
very deep and vertical shaft will not be found to fall quite 
vertically, but will show a slight tendency towards the east ; 
80 that, if the shaft be deep enough, it will at last come in 
contact with its side. This has been satisfactorily tested both 
by the above-mentioned Dr. Benzenberg in the shaft of a mine 
279 feet deep at Schlebusch in Westphalia, and still more 
successfully by Professor Reich in the year 1831 in the shaft 
of a mine near Freiberg. In the latter case the distance fallen 
was 520 feet, and a deviation of I'l inch was observed, the 
calculated value being 1*086 inch.* 

Such experiments are, however, hardly quite so conclusive 
as might be wished, owing to their very delicate character, 
the smallness of the deviations which have to be measured, 
and the difficulty of making accurate allowance for the dis- 

♦ See '*The Earth and its Mechanism," by Henry Worms, F.R.A.8., 
published in 1862, chap. v. ; in which, however, it is to be noticed that 
the distances are given in French feet, each of which is equal to 12*78938 
English inches. 
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tiirbing action of currents in the surrounding air, which more 
or less affect the motion of the falling bodies. 

More interest is consequently attached to an experiment 
with a pendulum, which was, for the first time, performed by 
Foucault in 1851. The principle involved in it is as follows : — 
If a heavy pendulum, or weight, could be suspended over the 
pole of the Earth, by a long fine wire, and be carefully set 
swinging, it may easily be understood that, once in every 
twenty-four hours, if the motion could go on undisturbed for so 
long, the ground would describe a complete rotation beneath 
it. To a spectator, unconscious of this movement, it would 
therefore seem as if the plane of oscillatibn of the weight were 
gradually rotated from east to west, as is indicated in Fig. LVI.; 
in which it may be observed that the pendulum is started by 
the burning of a thread by which it is previously held back, 
so as to prevent, as far as possible, the slightest lateral twist 
or tension from being given to it. The "upper end of the wire 
is also so suspended, that no movement of the point of suspen- 
sion, caused by the Earth's rotation, can affect the plane of 
. motion of the heavy bob at the other end. Consequently, at 
the pole of the Earth, as above stated, the ground would 
appear to turn round beneath the bob with the whole angular 
velocity of the Earth's rotation. In three hours, as is partly 
indicated by the figures 1, 2, 3, etc., in the diagi-am, the 
direction of the oscillation would seem to have travelled one- 
eighth of the way round the whole circumference of the plat- . 
form shown in the figure j in six hours round one-fourth ; in 
twelve hours the pendulum (if it still continued swinging) 
would oscillate across the same line as at first, but in exactly 
the reverse direction, and so on. 

It is not, however, difficult to perceive, that, if the same 
experiment were made at a place situated upon the equator, no 
such effect would be produced. At the pole, the point of sus- 
pension, being in the prolongation of the Earth's axis, is not 
carried round by the Earth's rotation ; but, at the equator, it 
would be carried round the Earth's axis equally with the 
surface of the ground beneath it, and the pendulum would 
therefore continue to oscillate in any given vertical plane in 

1 Jyv^ ^^ ^^Ps 




Fiff. LVX.— Toaoault's pendolum experiment. ^ . 
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which it miofht be started ; or, to speak more simply, the bob 
would contiDAie to move backwards and forwards over aqv 
cj^iven line, through the centre of the platform, over which it 
might at first begin to move. An attempt is made in the 
following little diagram to indicate by arrows the contrast 
between the two cases, the left-hand drawing in Fig. LVII, 
representing what would happen at the north or south pole ; 
while the right hand drawing shows (as we have stated) that, 
at the equator, the platform would not appear to turn round 
beneath s, the point of suspension, at all. In the right hand 
drawing it may be noticed that the pendulum is supposed to 
be actually swinging in the plane of the equator itself; in 




Equator respectively. 

wliich case it is perhaps most easy to realize the apparent 
immobility of its direction of oscillation. But it may be 
shown that the result will be the same for any plane, in which 
it may be started, at a place situated upon the equator. 

In any intermediate locality of north or south latitude, it 
is more difficult to realize what will take place, inasmuch as 
the problem involves a somewhat clear appreciation of the 
effect of the resolution of a force into its components. It 
seems, however, very reasonable to suppose that the effect 
produced will be of an intermediate character ; that the 
ground will, in fact, appear to turn round under the pendulum 
to some extent, but at a rate which is less than once in twenty- 
four hours. And it may be calculated that the apparent speed 
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of its rotation will depend, according to a certain formula, npi>n 
the latitude of the place of experiment. When the experiment 
is properly condncted, as it was at the Pantheon in Paris in 
1851, and subsequently at King's College, London, in 1859,^ 
the calculated value is found to be in exact agreement with 
that observed, and a very satisfactory proof of the Earth's 
rotation is obtained. 

Another experimental demonstration of the diurnal i-otation 
of the Earth is afforded by a remarkable instrument which is 
called a gyroscope. The action of this instrument depends 
upon the fact that a heavy metal disc, made to revolve with 
extreme rapidity in its own plane, is with difficulty disturbed 
from that plane of motion. Such a disc, thus revolving, if 
suitably supported Upon an axis, which is connected with a 
series of supports and pivots arranged in such a manner that 
it can, without any appreciable friction, easily move in every 
direction, will therefore maintain 9k fixed position in space; 
or, in other words, will keep its own plane of rotation 
unaltered, notwithstanding any change of position which the 
rotation of the earth may communicate to the place of obser- 
vation at which it may be. 

This being the case, if we set our disc in movement, and 
then look at a star along a telescope which is arranged so as 
to be perpendicular to the revolving disc, the star will appear 
to remain still so long as a sufficiently rapid revolution is 
maintained ; but as the revolution of the disc slackens the star 
will begin to move across the field of view of the telescope, in 
consequence of the movement of the telescope caused by the 
rotation of the Earth. A similar effect may be observed by 
watching a long pointer connected with the disc. If a 
graduated scale be suitably placed, the rotation of the Earth 
will move the scale beneath the pointer ; the pointer remaining 
Axed in space so long as the revolution of the gyroscope is 
kept up. By either of these methods the rotation of the Earth 
may be made evident, in contrast with the fixity in space of 
the plane of the rapidly revolving disc. 

Another and a somewhat curious effect of the Earth's 
* See " The Earth and its Mechanism," by Henry Wormi<, p. 112. 
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rotation is, that it affects the weights of bodies according to 
the latitude in which they are weighed. This result depends 
upon what is popularly, but not very accurately, termed 
centrifugal force ; a name which indicates a tendency to fly 
away from a centre, and which is used to express the fact 
that, if a body be revolving in a circle round a centre, its path 
must be bent into a circular form by some force tending 
towards that centre. Moreover, the faster it goes, the greater 
it is found that this force must be. Apart from the continued 
effect of some such action, it would, at any moment, when at 
such a point as p, in Fig. LVIII., run away from its curved 
path, along a tangent to it ; i.e. it would proceed along the 
straight line pt. 




Fig. LVIII.— Showing how the tendency of a body to proceed along the tangent at any 
point of a curved orbit is counteracted by a central force. 

In such a case the path might be curved either by the body 
being made to move in a circular groove, so that it would press 
against the groove, and consequently be pressed by it in turn 
towards c ; or it might be tied to c by a string, which string, 
being strained by it, would pull it inwards ; or it might be 
attracted by some force existing at c. The force with which 
it needs to be attracted towards c, or pulled inwards by a 
string, or pushed inwards by a groove, is said to measure its 
centrifugal force ; which, however, is not (as the literal mean- 
ing of the word might suggest) any actual force which drives 
the body directly away from c, but simply the reverse of that 
tendency towards c, which must be given at each moment to it. 

It may. also be proved that the attraction, or force, employed 
for this purpose must be just so much greater as the radius 
of the path is greater (supposing that the time in which a 
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revolution is performed remains the same), owing to the 
greater velocity -with which the body will, in that case, 
describe it. 

Now, if a body be at the equator, it evidently describes, in 
consequence of the Earth's rotation, a much longer path round 
its axis than it would describe in the same time in a higher 
latitude; and the centrifugal tendency will therefore be so 
much the greater. But this tendency (according to the laws 
of mechanics) is equivalent to two ; the one along the meridian 
of any point upon the Earth (ue. due south or north) towards 
the equator; the other in exactly, or almost exactly, the 
opposite direction to that of the well-known force of gravity, 
which acts very nearly towards the centre of the Earth. 
The effect of gravity is consequently in some slight degree 
neutralized, and the body appears to weiffh less than it would 
if this centrifugal action did not take place. 

It is evident that the only locality in which this effect will 
not in some degree be felt is at either of the poles ; since a 
body so situated does not rotate round the Earth's axis at all, 
but simply remains in it. As, however, an observer increases 
his distance from the pole, it will be felt in a gradually 
increasing degree; and it will be greatest at the equator; 
but even there it is found that it only amounts to ^^^th part 
of the effect of the force of gravity. This amount is, however, 
quite appreciable ; and it is an undoubted fact that, from this 
cause alone, a weight of 289 lbs. at one of the Earth's poles 
would, if carried to the equator, weigh only 288 lbs. 

The above statement is quite independent of another cause 
by which the weight would also be reduced, viz., that the 
Earth's shape is not that of a sphere, but, as we have 
previously stated, that of a spheroid. Owing to this, the 
protuberant matter at the equator removes a body placed 
upon it to a greater distance from its centre; and an ad- 
ditional diminution of apparent weight results, inasmuch as 
the Earth attracts anything upon its surface very nearly as 
if its whole mass were collected at its centre, and conse- 
quently with a power which is diminished when the distance 
of the attracted body from its centre is increased. 
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Moreover, it may be proved that the difference ia the 
attraction thus caused will really be larger than might at first 
be supposed, owing to the increase of density which we have 
every reason to feel sure must exist in the central, as com- 
pared with the superficial, parts of the Earth. The actual 
result is found to be that a body weighs somewhat more than 
B^th part less at the equator than at the poles, in consequence 
of the spheroidal form of the Earth. 

In intermediate positions each of these effects will, of course, 
have an intermediate value. Taken together, they are suffi- 
cient to cause 194lbs. at the poles to weigh only 1931bs. at the 
equator ; or 333 lbs. in London to weigh only 332 lbs. at Quito. 
This statement may be very satisfactorily tested by the use of 
an accurate spring balance ; or it may be proved by observa- 
tions of the oscillations of a pendulum, since these depend 
upon the effective weight of its bob, and if the bob become 
lighter the pendulum will oscillate more slowly. It is, in 
fact, found that a difference of about 2} minutes per diem is 
thus produced in the time of a clock governed by a pendulum, 
if it be removed from London to the equator. 

Here, as previously in the probable effect of small changes 
of the eccentricity of the Earth's orbit upon the production of 
glacial epochs, we have another instance of the remote and 
indirect connection which astronomy proves to exist between 
causes and effects otherwise apparently dissociated. It is surely 
a useful, and we would hope a pleasing, intellectual exercise, to 
follow the steps by which it is demonstrated, that a clock wiU 
gain or lose, or the weight of a given volume of any given 
substance will be increased or diminished, according to the 
latitude of the locality in which it may be placed ; and to such 
an extent as may suffice, if it be carefully observed, to demon- 
strate the rotation of the Earth upon its axis. 

The rotation of the Earth may also be detected by artillery 
experiments. If a cannon be fired, due north or south, at a very 
long range (which with modern ordnance may amount to five 
or six miles), a considerable deviation of its aim will arise, from 
the difference of the velocity with which the Earth's rotation 
carries the gun towards the east (the whole of which velocity 
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is imparted to the projectile as it leaves it), and that with which 
the point aimed at is carried in the same direction ; the effect 
being exactly similar to that met with in^ the case of the trade 
winds, which do not blow north and south, but from N.E. and 
S.E. respectively. 

Since, then, a point on the Earth nearer to the equator is 
carried round towards the east more rapidly than one farther 
north, it follows, that the projectile from a gun in the northern 
hemisphere, which is fired when pointed due south, will fall 
somewhat to the westj or to the righty of the point aimed at, 
just as the trade wind, in approaching the equator, tends to 
blow towards the west. If, on the other hand, the gun be 
turned round to point due north and be again fired, the 
projectile will fall towards the ecLst^ or once more to the right. 

Now let the same gun be carried into the southern hemi- 
sphere. It will be found that when it is pointed due north (or 
towards the equator) the projectile will, as before, fall to tiie 
west of the point aimed at ; and when the gun is pointed due 
south, it will fall, as before, towards the east ; but in either 
case this will, in the southern hemisphere, be to the left of the 
target. We are not aware that the same gun has thus been tried 
in the two hemispheres, so as positively to demonstrate that 
the effect, being always towards the right in the one^ and 
towards the left in the other j is not produced by any defect in 
the gun. We understand, however, that, in firing at long 
ranges twrth or souths the deviation observed is very appreci- 
able, and must be allowed for in accurate practice.* In firing 
due eastj or west^ of course no such effect is produced. 

The rotation and shape of the Earth are, however, not only 
interesting in connection with its present condition, and with 
the accurate knowledge of an observer's position upon its sur- 
face. They take us back in thought to the time when, in ages 

* A range of 10,000 yards, with a time of flight of thirty seoonds, is by 
no means unusnal. At a place having a latitude of 45° it may easily be 
<»ilcalated that the Earth's rotation would in such a case produce an 
easterly or westerly deviation of about forty-six feet upon the aim of a 
projectile fired due north or south. In latitudes nearer to the poles the 
effect would be greater. 
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long, long past, there are good reasons for believing that the 
Earth was in a fluid, or semi-fluid, condition. Under such cir- 
cumstances that centrifugal tendency, which we have already ex- 
plained, would give to a rotating sphere a spheroidal shape. It 
would cause it to swell out in the neighbourhood of the equator, 
and to become flattened at the poles ; and it would do so to an 
extent exactly dependent upon its speed of rotation and upon 
its internal density. The faster its rotation, the greater would 
be the protuberance in its shape round about the equator ; and 
very careful calculations have been made in the case of the 
Earth, which show that its shape is, as nearly as we can judge, 
such as a velocity, not differing much from that which it now 
possesses, would produce in a viscous or slightly-fluid mass, 
constituted according to that which we believe to be its internal 
law of density. We therefore find in the Earth^s existing shape 
an important confirmation of the hypothesis that, at some 
epoch long past, it was in a fluid or semi-fluid condition. The 
same hypothesis is also supported by the much greater degree 
of polar flattening and equatoreal bulging which is found in 
the huge and less dense globes of Jupiter and Saturn, in 
accordance with their much more rapid axial rotation. 

We have thus shown how we measure the Earth, and prove 
its rotation. To weigh it is a much more difficult matter ; nor 
have the most carefully conducted experiments given results 
altogether accordant. One method, which has been adopted in 
two or three instances, has been to estimate the exact size and 
weight of an isolated mountain, and to notice to what extent 
its attraction influences the direction of a plumb-line on either 
side of it. Apart from any such influence, the plumb-line would 
be exactly perpendicular to the surface of still water, or to 
what is generally spoken of as the level of the Earth's surface 
at any given place ; but, near to such a mountain, it is found 
that the attraction of the matter in it draws the plumb-line 
slightly towards it. Such an effect being in addition to that 
of the rest of the Earth, it may be compared with the 
attraction of the Earth as a whole ; and if the mountain be 
very carefully surveyed and measured, and the weight of its 
component materials be estimated as accurately as possible, a 
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very fair approximation to the value of the Earth's weight 
may be obtoioed. 

This experiment is generally termed the Schehallien * ex- 
perimenty inasmuch as it was first carefully made (in the 
summer and autumn of a.d. 1774) in connection with the 
Scotch mountain of that name in Perthshire, under the 
superintendence of Dr. Maskelyne, who was then Astronomer 
Boyal. For further information with regard to it, in books 
easily accessible, we may refer our readers to Lardner's 
" Handbook of Astronomy," edited by Mr. Dunkin ; and to 
Sir Edmund Beckett's ^^ Astronomy without Mathematics," 
published by the Society for Promoting Christian Knowledge. 

We may also remark that the first hint of the possible 
advantage of such an experiment is to be found in Sir Isaac 
Newton's " System of the World," and that some French 
academicians had already proved, before Maskelyne measured 
the attraction of the Scotch mountain, that the effect produced 
by that of Chimborazo was very sensible, although they did 
not accurately determine its value. Maskelyne tells us that 
he chose Schehallien because it was not only isolated, but in a 
direction lying east and west. The two stations for observation 
could therefore be chosen north and south of one another, so 
that it was especially easy to determine with accuracy, by 
means of the instrument employed (a zenith sector), the 
amount of deviation produced; inasmuch as the Earth's attrac- 
tion, anO the disturbing attractions of the mountain upon the 
plumb-lin<)s used, were all in a plane running nearly due north 
and south. 

Another ve^T interesting method by which the problem has 
been attacked is generally known as the Cavendish Experi- 
ment, because it was first performed, between August 1797 
and May 1798, by the celebrated chemist and natural philo- 
sopher of that name, — a grandson of the second Duke of 
Devonshire, — amongst whose other many researqhes none is, 
perhaps, more memorable than that which led him to the 

* This is Ma8kel3me's spelling. More oorrectlj, Schiehallion, or Schi- 
hallion ; or, as in the Ordnance Survey, Schichallion. Maskelyne states 
that in the Erse language the word means ^* oonstant storm." 
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discovery of the composition of water, in the y«»0^^?^ *^s^ y'\ ;•• 
order to weigh the Earth he employed an apparatus^^i^^^ i - • -^ " * 
torsion balance, which was originally made (although in a less 
perfect form) by the Rev. John Michell, who, unfortunately, 
died before he had an opportunity of using it. 

In performing the experiment the attraction of two large 
leaden balls (whose size is carefidly measured)* upon two 
much smaller balls, is first of all calculated in the following 
manner. The little balls are fastened one at each end of a 
thin rod, which hangs in a horizontal position, and is supported 
by a fine wire at its middle point. The apparatus is so ar- 
ranged that the two large balls may be respectively brought 
near to the two small ones upon opposite sides of them, and 
in such a way that the centre of each of the large ones may be 
at an exactly equal distance from that of the neighbouring 
small one ; as also that the direction of the centre of each 
large one, measured in a straight line from the centre of the 
adjacent small one, is very nearly perpendicular to that of the 
length of the suspended rod, while the centres of all the four 
balls always remain in the same horizontal plane. . The large 
balls being thus brought near to the small ones, it results that 
the whole effect produced by the attraction of the former upon 
the latter acts horizontally. Consequently the rod carrying 
the little balls is twisted round in a horizontal plane, until 
the resistance of the wire which supports it to further torsion 
produces equilibrium. But, in practice, this equilibrium is a 
long time in taking place, so that it is found better to deter- 
mine the position in which the rod would finally remain, by 
observing the mean position about which it oscillates, rather 
than to wait for it actually to come to rest. 

The experiment is then repeated, the only variation being, 
that the large balls are respectively brought by suitable means 
to the opposite sides of the small ones to those occupied in 
their previous positions, so that the rod is twisted in the 
reverse direction. Without drawing the suspensory arrange- 
ment employed in the earlier apparatus, or the platform 

* The two laige balls are made as nearly as possible exactly equal to 
one another, as also are the two smaller ones. 
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subsequently adopted a» a better means of carrying the large 
balls, we have endeavoured in the following diagram, — 
Fig. LIX.9 — to show them, first, in the positions a, and Bi ; and 
secondly to indicate that a^ is moved horizontally to a^, and b^ 
to Bj. The corresponding positions of the small balls are, for 
the one, Ui and a^ ; for the other, bi and 63. The normal posi- 
tion of the rod which carries these latter, when unaffected by 
the attraction of the large balls, would be half-way between 
the directions aibi and a^^. One-half, therefore, of the angle 
between these two directions is that through which the large 
balls twist the rod from its original position when brought 




Fig. LDC.— Bel&tive positionB of the large and small balU in the CavendiAh experiment. 

within such a distance from the small ones as is indicated in 
the diagram. 

By taking the mean result of a number of such experiments, 
in which the rod, which bears the little balls at its extremities, 
is first twisted in one direction and then in the opposite, it is 
possible to determine very precisely how far the attraction of 
the large balls, when at a given distance from the small ones, 
is able to move the latter. Very accurate observations are 
also made of the time occupied by the rod, which carries the 
small balls, in swinging horizontally between the extreme 
positions to which it moves, when it is disturbed by the 
attraction of the large balls upon the little ones. 

We need not go into the details of the various methods 
which were actually adopted in practice to determine the time of 
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this oscillation. Sometimes the large balls were suddenly moved 
away until the line joining them was at right angles to the 
original direction of the rod, so that their effect ceased, or neu- 
tralized itself, while the rod continued to oscillate from side to 
side of its original direction. Sometimes the large balls were 
very rapidly brought round to the opposite sides of the little 
ones, so as to encourage the oscillation still further. The essen- 
tial point, however, connected with such oscillations (provided 
they are of comparatively small extent), is, that, whether they 
be caused by either of the above methods, or simply by moving 
the rod round in any other manner, and then letting it go, they 
will occupy the same, length of timej so long as the instrument 
remains unaltered, whether the rod actually swings through a 
greater or less angle.* 

In the Cavendish experiment we therefore make two distinct 
observations : (1) how far the big balls move the small ones 
by their attraction ; (2) how long the rod occupies in per- 
forming oscillations when it is set vibrating horizontally. 

It is true that these vibrations actually depend upon three 
things : (1) the weight of the rod and little balls ; (2) the 
nature of the suspending wire, which actually effects the oscil- 
latory movement by its resistance to being twisted, and its 
tendency, when twisted, to untwist itself and then to retwist 
itself in an opposite direction, which together constitute what 
is termed its force of torsion; (3) the length of the rod, which, 
as it is longer or shorter, gives a greater leverage to the balls 
at its extremities, and to the matter of which it is itself com- 
posed, to resist the twisting and untwisting power of the wire. 

But it is most fortunately found, as the result of mathema- 
tical and experimental investigations, that the actual force of 
attraction upon the small balls necessary to move them a 
certain distance, bears a ratio to their weiffht^f which is quite 

* This 18 just what also happens in an ordinary vertical pendulum. If 
such a pendulum swings twice as far, it gets through the distance at twice 
as quick a rate, so that the time of oscillation remains unaltered, or, as it 
is often termed, isochronous, 

t We wiU here, and henceforward, neglect the weight of the rody as it 
can easily be allowed for, and would only complicate our explanation. 
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independent of any separate consideration of what that weight 
may be, or of the length of the rod, or of the twisting power of 
the wire ; provided that the joint effect of these three last- 
mentioned canses is such as to make the rod, when set oscil- 
lating, perform its oscillations in a certain observed time. 

In fact it is fonnd that the proportion which the force in 
question most bear to the weight of the little balls, in order 
to move them one inch from their original positions, most 
be rather less than ^^th of that weight, if each oscillation of 
the rod in the instrument occupies one second of time.* More- 
over, it can also be proved, that, if the rod should oscillate in any 
other number of seconds, the requisite force would be less in the 
proportion of the square of that number. If, for instance, the 
duration of an oscillation were 400 seconds, the requisite force to 
move the small balls one inch would be nearly ^^^ of a ^th 
part of their weight. And it is also a property of the apparatus 
in question, that the force required to move the balls any other 
number of inches would be almost exactly proportional to that 
number. In order to move them six inches, very nearly six 
times as great a force would be required as that which would 
move them one inch ; the slight difference from an exact 
proportionality of the force being easily calculated and allowed 
for. 

If, therefore, we find that the large balls move the little ones 
a certain number of inches, then, without weighing these latter, 
or measuring and observing anything else except the time in 
which the rod oscillates (which we can do with very great 
accuracy), we know exactly what proportion the attraction 
exercised by the big balls bears to the weight of the little 
ones. 

Let us next see how this enables us to determine the weight 
of the Earth. It is a law of the attraction of spheres upon 

* The actual proportion varies slightly with the latitude of the place of 
observation. The accurate value of the denominator of the fraction in 
the latitude of London is 39*139 ; and is the same, in any given locality, as 
the number of inches in the length of an ordinaiy vertical pendulum 
that will oscillate in a second. It is, therefore, always known with great 
preoLsion. 

Digitized by LjOOQ IC 



THE EARTH. 213 

spheres, that the comparative attractions of two, both made 
of the same material, upon any other, simply depend upon the 
distances of their respective centres from that other, and upon 
their respective sizes, or volumes. We can, therefore, easily 
calculate how many times less than the attraction of the Earth 
upon the two little balls, would be that of two spheres of the 
same size as our big lead balls, if they were made of a material 
of the same average density as the Earth. It would be less as 
they are smaller; it would be greater in proportion to the 
square of the smaller distance of their centres as compared 
with the square of the greater distance of the Earth's centre, 
which is 4,000 miles away. But the attraction of the Earth 
upon the small balls is only another name for their weight. 
Therefore, without actually weighing the little balls, we can 
calculate with what fraction of their weight two balls of the 
exact size of the big ones, and at their known distance from 
the little ones, would attract them, if the supposed big balls 
were for the time being made of material of the same mean 
density as the Earth. It also follows, in such a supposed case, 
that the rod which carries the little balls would be twisted 
round so as to move these latter through a certain calculable 
number of inches, which distance will otherwise only depend 
upon the time in which (as previously explained) it would 
swing backwards and forwards if set oscillating horizontally. 

Consequently, without weighing the little balls, or determin- 
ing anything else about our apparatus than the duration of 
its oscillations, we arrive at the following results. (1) That 
the attraction of the large lead balls moves the little balls a 
certain obseroed distance. (2) That it would move them a 
certain calculable distance, if the large balls were unaltered in 
size, but made of material of the same mean density as the 
Earth. (3) It follows, from the above (1) and (2), and from 
our previous statement as to the comparative distances to which 
any two given forces would move the small balls ;* that, the 
latter distance (2) having proved, in the actual experiment, to 
be very nearly one-half of the former distance (1), the density 

* Viz., that the distance through which they would be moved would 
vary in the same proportion as the attraction exercised. 
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of a material conesponding to the mean density of the Earth 
mnst be very nearly one-half of that of lead ; or^ that the 
weight of the Earth is very nearly one-half of that of a mass 
of lead of the same size as itself. It is surely an exceedingly 
interesting and important fact that so small and delicate a 
little instrmnent as a torsion-balance, by that Yery deUcacy, 
enables us to soItc the problem of weighing so hnge a mass 
as the Earth. 

The final result of the best determination yet made by the 
above method is^ that the Earth's mean density is ahuost 
exactly one-half of that of lead, or about 5f times that of 
water. 

The original investigation by Cavendish, made in a.d. 1797 
and 1798, is recorded in the volume of " Philosophical Transac- 
tions" for the year 1798. It gave a value less than the above 
by about ^th part, which was again somewhat decreased 
when it was repeated, with certain modifications, in 1836, by 
Professor Reich, of Freiburg. The value which we have stated 
is, however, more trustworthy, and was obtained by Mr. Baily, 
by an exceedingly careful series of experiments which he 
performed between a.d. 1838 and 1842. Diagrams of the 
apparatus used by Cavendish may be found in Lardner^s 
" Handbook of Astronomy," and in other well-known books. 
A full description of Mr. Baily's improved apparatus (with 
diagrams), and of the elaborate precautions used by him to 
avoid the disturbing effects of currents of air, or of the heat of 
the observer's body, is given in the fourteenth volume of the 
" Memoirs of the Royal Astronomical Society," the whole of 
which is occupied with an account of his proceedings. His 
torsion-balance was very carefully enclosed in a glass case^ 
while the large and small balls were separated by partitions, 
impervious to heat, the necessary movements being effected by 
ropes worked from a distance, and the observations made by 
telescopes through holes in a wall. 

The especial value of the Cavendish experiment consists in 
the simple character of the observations involved, and in its 
being easy to make a torsion-balance which will oscillate so 
slowly (as, for instance, in 200, or more, seconds), that we are 
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able by means of it to measare with accuracy so small aa at- 
traction as that of the large leaden balls/ which, in Mr. Baily's 
case, were about one foot in diameter, — an attraction so small 
in comparison with that of the Earth, that, in order for it to 
produce a measurable displacement in the direction of a plumb* 
line, similar to that caused by the mountain in the Schehallien 
experiment, the plumb-line used would need to be of the 
impracticable length of many miles. It is, moreover, a great 
advantage that the whole effect to be measured is produced 
horizontally, so that the movements of the apparatus involve 
no alteration of the Earth's attraction upon any of its parts. 

It might perchance be just possible to obtain a relation 
between the attraction of a large ball upon a small one and 
the small one's weight (which is equal to the attraction of 
the Earth upon it), by weighing the latter in a loery delicate 
balance, while the big one might alternately be placed a 
short distance above it, and then below it, and noting the 
difference caused in its apparent weight ; but there would 
be many more difficulties involved, and much less accuracy 
would be attainable, than in the Cavendish experiment, the 
slowness of the oscillations in which not only increases the 
delicacy of the results deducible, but very much conduces to 
their own accurate measurement. 

Our readers will, we hope, understand, that, in any such 
investigation the point to be arrived at is, to obtain a relation 
between the actual attractive effect of the Earth and that of a 
given weight of some known substance, such as lead. When 
we weigh two bodies against one another in any ordinary 
balance, although the weight of each is produced by the 
Earth's attraction, we only compare its attractions upon them; 
we cannot in any case determine what that attraction abso- 
lutely is. But in the Cavendish experiment we obtain a direct 
relation between the actual attractive effect of the big balls, 
so far as it depends upon the known density of the material of 
which they are made, and the effect which they would produce 

* The balls were made of lead becanae of its weigbtiness, so that as 
large an attraction as possible might be obtained with balls of a moderate 
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if their density were equal to the mean density of the Earth. 
Consequently we obtain the value of this latter density. 

Having thus found the mean density of the Earth, and 
having by other methods already determined its size, we of 
course at once know its weight ; but it is practically useless to 
express that weighty as is sometimes done, in tons or pounds. 
It is much better simply to say (as we have) that it is d| times 
as great as it would be if the Earth were composed throughout 
of water ; and half as great as it would be if it were composed 
of lead. 

To recur to what is perhaps the most important point of all, 
we may be allowed once more to remark, with regard to the 
Cavendish experiment, that, although we need to know the 
material and the size of the big balls (which it is easy to 
determine), we do not need to effect any independent deter- 
mination of the size or weight of the small balls, or of the 
torsion-force of the wire by which the rod is suspended, or 
even of the length of the rod itself) — ^which, or some of which, 
it would be very difficult to estimate accurately. We need 
only to determine the time in which the rod swings when set 
oscillating, and the distance through which the centres of the 
small balls are moved. 

In practice that distance may perhaps be most conveniently 
found by noting the movement of a pointer fixed upon a pro- 
longation of the rod, a little beyond the position of the small 
balls upon it ; in which case, in order to get the actual motion 
of the centres of the balls from that of the pointer, it is neces- 
sary to compare their distances from the middle of the rod 
with that of the end of the pointer. For this particular pur- 
pose the length of the rod may consequently be measured. 
We can still, however, affirm that the length in question is 
not involved primarily in the experiment, and is not, of itself, 
necessary for the calculation of the Earth's weight from the 
observed oscillations and displacements. The mention of its 
value in the general explanation of the experiment is therefore 
best avoided. 

We trust that the importance of an accurate knowledge of 
the Earth's weight, and the comparative obscurity of some of 
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the explanations usually given of the above valuable method 
of investigating it, will be accepted as our apology for having 
discussed it at so great a length. 

We must not, however, pass by unmentioned another method 
by which the same great problem may be attacked — ^viz., that 
to which Sir Gr. B. Airy, while Astronomer Royal, devoted 
extraordinary skill and pains, in the year 1854, by means of 
experiments made at Harton Colliery, near South Shields. It 
depends upon the fact that it is found, that a pendulum 
oscillates more quickly at the bottom of a deep shaft than at 
its mouth. If the Earth were of uniform constitution through- 
out, this would not be the case, but the pendulum would, on 
the contrary, oscillate more sUmly; because it can be shown by 
elaborate mathematical calculations, that all the portion of 
the Earth which lies at a greater distance from its centre than 
that of the pendulum, attracts the latter equally in all direc- 
tions, and has consequently no effect upon its oscillation. The 
pendulum when at the bottom of a shaft is therefore attracted, 
as if it were on the surface of a sphere just so much reduced in 
diameter, as the bottom of the shaft is nearer than the surface 
of the Earth to its centre ; or, in other words, as if all the 
portion of the Earth further away from its centre than the 
bottom of the shaft did not exist. The attraction would con- 
sequently, as we have stated, be less, and the oscillation of the 
pendulum would be slower, at the bottom of the shaft, than at 
the top, if the Earth were of an uniform density. The observed 
increase in the speed of oscillation proves, on the contrary, 
that the inner portion of the Earth is denser than the outer 
parts. And from a long-continued series of careful observa- 
tions, it is possible to compute what the mean value of that 
inner density must be. The result thus obtained, although 
somewhat greater, decidedly confirms the values obtained for 
the weight of the Earth by the other methods which we have 
described.* 

Upon the whole, then, we may conclude that the Earth is 
probably about 5^ times as heavy as an equal volume of water 

* See Lurdner's *' Handbook of Astronomy," edited by Dnnkin; or 
Appendix- III. to Airy's "Popular Astronomy." 



Digitized by 



Google 



218 THE EARTH. 

would be, or twice as heavy as if made throughout of solid 
rocks similar to those of the mountain Schehallien ; a state- 
ment which, as we have just explained, involves the very 
natural supposition that the substance of the Earth is much 
compressed internally. 

But granting this, as we may without any demur, there 
still remain other very important questions for considera- 
tion — e.g,^ Is the Earth solid throughout ; or, if not, to 
what depth; or, does it consist simply of a thin, hollow 
crust, which is filled with such molten matter as ever and 
anon bursts through the outlets of volcanoes ? What is the 
temperature of its internal heat ? Does that heat liquefy the 
regions within, or does the enormous superincumbent pressure 
retain them in a solid condition ? 

Of one fact there is no doubt, viz. that, as we descend below 
the surface of the Earth, the temperature in general increases, 
and, in most localities where it has been tested, at a compara- 
tively rapid and uniform rate of about 1° Fahrenheit for everj- 
sixty feet of depth ; although the rate of increase varies to 
some extent with the nature and arrangement of the strata 
passed through, and occasionally has somewhat diminished after 
a depth of about 2,000 feet has been attained. If, however, it 
be allowed that the increase in general continues, it would 
follow, that, at a depth of about thirty-five miles, a tempera- 
ture sufficient under ordinary circumstances to fuse the most 
refractory metals, must exist. Now, if any one will draw a 
circle of about 11^ inches diameter, and take care that the line 
by which it is described be only ^V^h of an inch in thickness 
(which would correspond to the ratio which thirty-five miles 
bears to the Earth's diameter of 8,000 miles), he may have 
some idea of the pleasant condition of things which such a 
circle would represent. 

It would to many persons, we think, be excessively alarm- 
ing to imagine, that, with so comparatively thin a crust, they 
were dwelling over so enormous a mass of liquid fire. 

Such a crust would probably be constantly cracking and 
falling in, so that volcanic and other catastrophes would be 
most fearful in magnitude, intensity, and frequency. More- 
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over Sir William Thomson has shown, that the attractions 
and varying distances of the San and Moon would cause 
sach tidal disturbances in the molten mass within, that so 
thin a crust would bend and yield as the internal tides passed 
under it ; the consequence of which would be that the corre- 
sponding external tides, now seen day by day, would not 
be apparent upon a surface which would rise and fall 
equally with themselves. And other difficulties (which we 
cannot enter into here) connected with precession and nuta- 
tion would also be involved. For all these reasons, the 
hypothesis that the Earth is for the most part liquid or fluid 
can hardly be maintained. i 

Nor is there any necessity to suppose that the heat, which 
under ordinary circumstances suffices to fuse any given sub- 
stance, would do so in the interior of the Earth. In fact, it is 
found that the power of heat to fuse, or melt, may be counter- 
acted by enormous pressure. It is true that we are not able 
to arrange experiments really equivalent to the actual state 
of things existing at great depths below the Earth's surface ; 
but we can perform enough to show that the above statement 
in general holds good, without testing it fully. 

We may therefore say that it is very likely that the Earth 
is solid at far greater depths than used to be supposed, and 
that its enormous internal pressures may neutralize the lique- 
fying power of the internal heat. Perhaps at some great depth, 
although we are unable to decide how great, the heat gains 
the victory, and fluidity results. We cannot, however, go 
further into this question without involving ourselves in 
abstruse mathematical and geological considerations.* But 

* Since the above was written, the very interesting work of the Rev. 
0. Fisher upon the Ph3rsics of the Earth's Crust has appeared. Its dis- 
cussion of the way in which the necessary support for the weight of 
mountain ranges might be provided, upon the supposition of a fluid 
■interior in the Earth, is especially important ; as also are the remarks 
made upon the relation of volcanoes to vapour retained by pressure (like 
the gas of aerated waters) in a viscous subterranean ocean from which 
it may be slowly set free. We also refer our readers for further infor- 
mation to Professor Judd's very instructive treatise upon Volcanoes in 
the International Scientific series. 



Digitized by 



Google 



220 THE EABTH. 

we hope that it may afford some comfort to our readers 
to believe, as we do, that day by day, while they go to their 
business or their pleasure, they are not walking upon a horribly 
thin crust of solid matter over a caldron of molten fire. 

Indeed we conceive that there is very good reason for 
supposing that such volcanic eruptions as from time to time 
occur, are not caused by the pouring forth of any central 
molten matter, but that in some way the pressure existing 
within a portion of the crust at a moderate depth is relieved ; 
whereupon the solid matter there situated immediately becomes 
liquid, and rises up to the aperture of the crater of a volcano. 

Such a diminution of pressure may possibly be caused by the 
explosive generation of steam ; or by chemical processes origi- 
nating in the percolation of water to a depth where great heat 
exists ; or by the escape of gases occluded in the rocks of the 
Earth ;♦ or by some other cause which may lift up the weight 
of the superincumbent strata. In connection with any of 
these suppositions the remarkable proximity of most great 
volcanoes to the sea should by no means be overlooked. 

One or two other interesting facts relating to the Earth still 
remain to be noticed. For instance, — that the centrifugal effect 
of the Earth's rotation, although it is at present very slight, 
is proportional to the square of its speed. If, therefore, that 
speed were sixteen times as great as it is, the centrifugal effect 
would be increased 256 times. The result would follow that 
anything placed upon the equator would become almost entirely 
weightless, instead of, as at present, according to our previous 
statement in this lecture, having its weight reduced by only 
^l^th part. A slightly greater speed would cause a person so 
located to feel absolutely without weight; while a rotation- 
period of the Earth upon its axis of less than one hour twenty- 
five minutes, would hurl everything placed upon the equator 
away into infinite space. 

On the other hand, another centrifugal effect is most useful. 

* Compare Shakespeare, Hmry IF., Part I., Act 3, Scene i. :— 
" The teeming Earth 
Is with a kind of colic pinch'd and vex'd 
By the imprisoning of unruly wind." 
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We refer to that produced by the Earth's velocity in its orbit, 
which is sufficient to prevent it from being drawn into the Sun, 
an unfortunate catastrophe which would gradually ensue, if 
its present speed of about 18^ miles per second were reduced 
to 12 miles per second. In like manner, it may be calcu- 
lated, that, if its speed were augmented so as to exceed 
26 miles per second, the Earth would fly away from its present 
orbit altogether. The happy mean keeps everything as it 
should be. 

It may also be worthy of mention, with regard to the speed 
of the Earth's rotation upon its axis, that it is owing to its very 
regular and uniform character , that we are unconscious of it, 
notwithstanding its magnitude. If it were suddenly changed, 
even by a verj' small amount, the most fearful catastrophes 
would be at once experienced. Many persons, we think, hardly 
realize how vast the Earth's orbital velocity of about 18^ miles 
per second, or about 1,100 miles per minute, really is. It is 
about 1,200 times as great as that of our fastest express 
trains. K it were suddenly diminished by only x^th part, 
the universal effect would be equivalent to that produced by 
the instantaneous stoppage of such a train in a most frightful 
collision. 

The speed with which the Earth rotates is, then, so uniform 
and regular, that, until very recently, it was believed to have 
been absolutely without any change, for at least some thou- 
sands of years past. But of late it has been suspected that 
the speed of its rotation may be very, very slowly diminishiifg ; 
or, which is only another way of saying the same thing, that the 
length of the day may be very slowly increasing. In fikJt 
the whole question of the variability or invariability of the 
Earth's day, and of the possible causes which may slowly 
change it, has recently been the subject of much discus- 
sion. It can easUy be understood that this is a subject 
not only full of interest in itself, but of great importance 
in connection with all astronomical observations, and especially 
in the comparison of those of ancient date with those of 
modem times. 

We will therefore conclude our discussion of the Earth with 
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a brief explanation of the way in which the length of its day * 
is determined, and of the most important canse by which it 
may be changed. This explanation will also involve a reference « 
which we should regret to leave unnoticed, to the diflference 
between an ordinary or nolar day^ and that which is termed 
a sidereal day^ and is more usually employed in astronomical 
calculations. 

As the Earth's rotation from west to east causes the heavenly 
bodies to appear to travel round the heavens in the opposite 
•direction from east to west once during each of its revolutions 
upon its axis, the duration of its rotation-period may easily be 
•determined with great exactness, by watching how long some 
heavenly body (such as a fixed star) which has no appreciable 
proper motion of its own, occupies in making one such apparent 
circuit of the sky. The period thus obtained is that which is 
<!alled a sidereal day. It is found to be very nearly four 
minutes shorter than an ordinary day of twenty-four hours in 
length. Nor is it diflScult to understand how this difference of 
nearly four minutes arises. During one revolution upon its 
axis (which we may suppose to begin at the moment of noon, 
at a given place, when the Sun is on the meridian), the Earth 
also traverses about j^^^yth of its annual path round the Sun. 
This movement, apart from the Earth's rotation, would cause 
any place to look at the Sun in a direction which would be 
changed by the angle which ^th of the whole circumference 
of any circle measures at its centre. 

"When one rotation of the Earth is completed, the meridian 
of the place being turned to this extent in a slightly different 
direction from that which we supposed it at first to occupy, 
will not have the Sun again exactly over it ; and, since the 
rotation of the Earth upon its axis is in the same direction 
as that of the Earth in its orbit, it results, that the Earth 
must turn very nearly TjJ^th part of another rotation in order 

* In the following paragraphs we ahaU not refer to any differenoe 
between day and night. The word day will be used in its more extended 
meaning, in which it also embraces the duration of a corresponding 
night. Thus we shall in every case speak of a day which will only differ 
idightly from twenty-four hours in length. 
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to cause the plane of the meridian in qnestion to pass through 
the Sun again. That this is really the case may perhaps be 
most easily understood by the simple experiment of carrying a 
globe slowly round a lamp, which may be supposed to repre- 
sent the Sun, while the globe is at the same time revolved 
round its own axis. The same fact, put into astronomical 
language, may be stated as follows : — ^An ordinary day between 
two successive noons is about ^^th part longer than a sidereal 
day, and a sidereal day is consequently about ^J^th part 
shorter than an ordinary day, the difference in either case 
being not quite four minutes. 

We say an ordinary day, since the actual fact is, that our 
days, if measured by the interval between two successive 
transits of the Sun over the meridian of any given place, 
would exhibit very considerable deviations from uniformity ; 
(1) because the elliptic form of the Earth's orbit causes the 
speed of its motion round the San (upon which we have seen 
that the length of the day, as above estimated, must partly 
depend) to be slightly irregular ; and (2) because the plane of 
that orbit, viz., the ecliptic, is not perpendicular to the Earth's 
axis of rotation, but is inclined to it at an angle of 23|°. We 
cannot, without the use of some rather difficult propositions, 
explain the exact results that thus follow at different epochs in 
each year. It must suffice to state, that it is found best to 
take a mean, or average, value of the solar day (or day that 
would be determined by the Sun) deduced from its actual 
values in the course of a whole year, for use as our ordinary 
day. This day, thus obtained, is called a nriean solar day^ and 
is divided into twenty-four hours of civil time. But it will be 
understood from our previous statement that this arrangement 
will sometimes cause the Sun to be on the meridian rather 
before, and at other times rather after, what our timepieces 
call twelve o'clock. In fact the difference may amount to 
about 16^ minutes in one direction, and about 14^ minutes in 
the opposite direction ; which is expressed in almanacs by the 
phrase that the Sun is fast, or slow, compared with the clock. 

We might, if space permitted, prove that the Sun and the 
clock exactly agree oA four different days in each year, although 
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the dates of those days do not occur at equal intervals apart. 
Our present purpose, however, only requires that we should 
clearly understand that the time of the Earth's rotation upon 
its axis is termed a sidereal day; and that the difference 
between a sidereal day and a mean solar ^ or ordinary day, 
arises from the Earth's motion round the Sun, in exactly the 
same way that a traveller, who should sail at an uniform speed, 
so as to journey round the world in 365 days, would find that 
he would gain or lose a day in the whole journey, or ^^th 
part of a day (i,e. about four minutes) in each day of his 
progress, according as his voyage might be made from west 
to east, or from east to west. Moreover, the Earth's journey 
round the Sun being made from west to east, it does not lose 
the one day, but gains it in each year. Only 3661^ ordinary 
days are therefore reckoned while it revolves 366| times upon 
its axis ; in other words, 365|^ ordinary, or mean solar days, are 
equal to 366^ sidereal days. 

We have especially referred to this fact in order to be able 
the more clearly to state that it is a supposed gradual lengthen- 
ing of the sidereal day^ or (which is really the same thing) an 
extremely slow diminution of the speed of the Earth's rotation 
upon its axis, that has of late years been suspected. The 
suspicion has arisen in consequence of a peculiarity which has 
been detected in the Moon's apparent motion. Some, observa- 
tions of the Moon's place recorded more than 2,000 years ago 
have come down to us with great accuracy, owing to their 
connection with ancient eclipses. Now, if the Moon had con- 
tinued, since those times, to move with the same average velocity 
which it at present possesses, it may be calculated that it would 
have attained to a position in advance of that in which we now 
find it. The most natural explanation of this fact might seem 
to be, that, in some way, the Moon must have slowly and 
gradually increased its speed since the date of those ancient 
records. But it is evident that the effect would be exactly the 
same if the increase in speed were not real, but only apparent; 
which would be the case, if the Earth's rate of rotation, by 
which we measure our time, and consequently estimate the 
Moon's speed, has been getting slower. 
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And it has been found that the results of the most careful 
theoretical investigations show, that only about one-half of the 
observed effect is actually due to a real, but very minute, 
quickening, or acceleration of the Moon's movement, caused by 
a very slow change in the form of its orbit around the Sun. 
It has therefore been asked: — Can any cause be suggested 
which, by affecting the length of the Earth's day, would 
account for the other half of the Moon's apparent accelera- 
tion as the result of the way in which we. measure our time ? 
Is there, for instance, any friction acting upon the Earth's 
surface which would verj' slightly check its rotation ? 

It has been replied that the Tidal Wave, as it sweeps 
round the Earth twice in every twenty-four hours, must by its 
friction produce some such result. The effect day by day, it is 
true, would be excessively minute, and very careful theoreti- 
cal calculations indicate that it does not exceed j r oo\)ooo 
of a second in a day. Nevertheless, this would be enough 
to cause a difference of twelve seconds, in the course of a 
single century, in the time at which the Moon would occupy 
any given position. It is shown in our foot-note that this 
result may be deduced by the summation of an arithmetical 
progression,* each term of which exceeds the preceding 
by the above-mentioned minute fraction of a second ; the 

'"' An arithmetical progression is one in which each term exceeds, or 
falls short of, the preceding by the same quantity. The sum of such a 
progression is found by multiplying the sum of its first and last terms by 
a number equal to one-half of ^e whole number of terms in the series — 
e,g.y if we take the arithmetical progression 1, 3, 5, 7, 9, 11, in which there 
are 6 terms, then, in order to get their sum, we must multiply the si:gn 
of 1 and 11 by one-half of 6, the result being 3 times 12, or 36. If 
the first term, as in the case referred to in the text, be the fraction 
TTin^innr o^ ^ second of time, it is so small that we may neglect it in 
forming the sum which is to be multiplied by one-half of the number of 
terms in the series. If, also, each term exceed the preceding by the 
same small fraction of a second, as we have explained that it will in the 
above case, we shall have for the sum of 36,525 terms (which is the 
number of days in a century) very nearly one-half of 36,525 times the 
last term, which last term will be rV ^oWAo of a second. The result 
(in seconds) is therefore 36525 multiplied by itself and divided by twice 
57,000,000 ; or 1,334,075,625 divided by 114,000,000 ; the quotient of 
which evidently amounts to rather more than 12 seconds. 
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fonn of the progression in question arising from the fact that 
a clock, which, in consequence of such a cause, might become a 
certain fraction of a second wrong in one day, would the next 
day show an error of double the magnitude, of treble the 
magnitude the third day, and so on. 

It may also be calculated that in 2,500 years the error pro- 
duced would be about 625 times as great in its total mag- 
nitude as in one century ; so that the exceedingly minute 
retardation of ^^^^ of a second in one day would involve 
a displacement of two hours of time in the place of the Moon 
in 2,500 years, which is equivalent to a space of one degree, 
or to about twice the Moon's diameter as seen upon the celestial 
sphere. When this apparent eftect is added to the very nearly 
equal amount by which the Moon's place is changed by the 
real acceleration of its movement, the most ancient observa- 
tions are brought into excellent accordance with those of the 
present day. 

Here, then, once more, we have an interesting example of the 
important results which astronomy teaches us may arise from 
causes not only apparently trivial, but which are such as might 
be supposed to be utterly unconnected with one another. 

Since the Moon travels across the apparent width of its own 
diameter in about an hour, we may put the above statement 
into a slightly different form, and say ; — that a diminution of 
the length of the day caused by tidal friction only amounting 
day by day to ^^^^ of a second, and which, in 2,500 years, or 
913,125 days, would only make the actual length of each day 
less by ^^-^ of a second (i.e., by less than ^Vnd part of a 
second), would by its accumulative effect upon the time 
reckoned by a clock, during those twenty-five centuries, cause 
the Moon to be seen in a given position two hours sooner than 
would otherwise be the case. It would also, in the same 
length of time, alter the bounding longitudes upon the Earth 
from which an eclipse would be seen by 30°, inasmuch as a 
difference of one hour by the clock corresponds to a difference 
of 15° of longitude.* 

* In the aboye explanation we have closely followed that given by 
Sir E. Beckett in '^Astronomy without Mathematics/' pp. 177 and 182, 
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To some of our readers it might possibly be interesting 
(although we think not very profitable) to discuss the ap- 
pearance which the Earth would present if viewed from those 
of the planets which are its nearest neighbours ; what details 
of its larger continents and seas might be seen from Mars in 
comparison with the amount of Martial detail which is visible 
to us; or how far both the configuration of the Earth's surface 
and the ever-varying forms of its cloud-formations might be 
not only interesting, but very puzzling, to an observer upon 
Venus, or even to one upon Mercury. 

But we must, for want of space, refrain from any such dis- 
cussion. For the same reason we are forced to pass by many 
other questions which belong to the astronomy of the Earth, 
— some more, and some less, abstruse, — but all important and 
instructive. For further information upon these, larger and 
more complete treatises must be consulted. The only addition 
which we will at present make to our previous statements is, 
to insert a few numbers and statistics, not as yet given in 
detail, in a list, which is appended below, of some of the 
principal elements of the Earth's size, shape, and move- 
ments. Although the information contained in it is by no 
means exhaustive, but on the contrary only consists for the 
most part of rough approximations, expressed in very elemen- 
tary language, such as may be easily remembered, we hope 
that it may be of some use to our readers for the purpose of 
occasional reference. 

The Earth's sidereal year — Le,y the interval of time in which 
it makes one complete circuit of the Sun — is 365*256 days, or 
365 days 6 hours 9 minutes 9*6 seconds. 

The eccentricity of its orbit is -Oie??, or about ^V^h. 

Its mean distance from the sun is most probably very 
nearly 93,000,000 miles. 

Its greatest and least distances are respectively obtained by 
adding to, and subtracting from, its mean distance very nearly 
a ^th part, and are about 94^ and 91^ millions of miles. 

The corresponding amounts of light and heat received from 

to whose lucid expoeitioii we beg to acknowledge that we are very 
ipnatly indebted. 
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the Sun by the Earth vary inversely as the squares of the 
above numbers, and are approximately as the numbers 16 and 
15 — i.e., they differ by about ^7*^^ ^^ tV*^ P*^ ^^ either. 

The equatoreal and polar diameters of the Earth are given 
by Air}' and by Bessel 

as 7,899-170 miles as 7,899-114 miles 

and 7,925-648 miles and 7,925-604 miles 

the difference being 
26-478 miles 26-490 miles. 

More recent investigations make the difference slightly to 
exceed 27 miles ; or give as the values 41,852,404 feet and 
41,709,790 feet respectively. 

A sidereal day is 3 minutes 55*91 seconds, or very nearly 
3 min. 56 sec, less than a mean solar day. 

The Earth's mean density is about 4 times that of the Sun, 
and about 5^ times that of water. 

Its weight is between ^^ and gj^ of that of the Sun. 

The Earth's volume is only about ^^^ of that of the Sun. 

The Sun's volume is so huge, that, if its centre were at 
the centre of the Earth, its external surface would be nearly 
twice as far away as the Moon. 

The Earth's axis is inclined at about 23° 27' to a perpen- 
dicular to the plane of the ecliptic, from which inclination 
the principal phenomena of the seasons result. 

At present the spring and summer quarters of the year 
each last, in the northern hemisphere of the Earth, for 186| 
days, the winter and autumn for 178^ days respectively. In 
the southern hemisphere the above durations are interchanged. 

The Earth is now in the nearest point of its orbit to the Sun 
about the 1st January, and at its ftirthest away about the 
2nd July ; the dates varying by a day or two either way, 
partly from the irregularity in the length of the civil year 
involved in the interposition of leap years, and partly from 
the perturbations of its movement caused by the attractions of 
the other planets. After the lapse of about 10,500 years, the 
above dates will be reversed. 
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LECTURE X, 

THE PLANET MARS. 

** The planets of each system rcprcsent 
Kind neighbours." 

Young. 

'* It timor, et major Martis jam apparet imago." 

ViBO., JSn.f 8, 557. 

Wb must wing our flight beyond the orbit of the Earth, to a 
distance which may vary from about 36,000,000 to about 
62,000,000 miles, in order to reach the orbit of Mars, our 
nearest neighbour as we journey away from the Sun. This 
may seem to be a rather indefinite statement, but we shall 
presently see, that it simply affirms the orbit of Mars to be so 
considerably oval in shape, that the distance between it and 
the nearest portion of the approximately circular orbit of the 
Earth is in one part nearly I4 times as great as in the opposite 
part. And this peculiarity of the path of Mars has so much 
to do with the occurrence of those occasions when we can 
best observe the planet, and with what we shall have to 
discuss with regard to it, that we desire, at the very com- 
mencement of this Lecture, to draw special attention to it. 

Let us then see, by the quotation of a few numbers from the 
tables given in Lecture V., how far we are justified in the 
statement we have just made. 

We there indicated that the Earth revolves at a mean dis^ 
tance from the Sun of about 93,000,000 miles, and that the 
planet Mars has a mean distance of about 142,000,000 miles. 
It follows that, if the Earth and Mars should be at any time in 
the same straight line, or very nearly so, and on the same side 
of the Sun, they would, if at their respective mean distances 
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from it, be about 142 minus 93, or 49,000,000 miles apart. 
If, on the other hand, they were on opposite sides of the Sun, 
their distance apart (upon the same supposition) would be 
9^plu8 142, or 235,000,000 miles. 

. Now we have already seen, that the Earth's distancse from 
the Sun only varies from its mean value, in different parts of 
its annual orbit, to the extent of about \\ millions of miles. 
We have therefore next to consider how far that of Mars will 
vary, owing to the much greater ovalness of its path. 

The Sun is situated at about ^th of the distance between 
the centre and one end of the principal axis of the orbit of 
Mars, which is expressed by saying that the eccentricity of the 
orbit is y^th. The distance of Mars, when at its nearest to the 
Sun, is therefore only 129,000,000 miles ; but at its furthest 
from it, it is 155,000,000 miles; y^th of 142,000,000 (or about 
13,000,000 miles) being in the one case subtracted, and in 
the other case added to the mean value of 142,000,000 miles. 

In comparison with the difference of 3,000,000 miles between 
the greatest and least distances of the Earth from the Sun^ 
this difference of 26,000,000 miles in the case of Mars is so 
much more important, that, if we only wish to make a rough 
investigation (which is all that we are at present attempting) 
of the extent to which the distance of the two planets may 
vary, when in, or very nearly in, a straight line passing 
through the Sun, we need only subtract 93,000,000 miles (the 
mean distance of the Earth) from 129,000,000 miles, and from 
155,000,000 miles, respectively. The resulting differences are 
36,000,000 miles and 62,000,000 miles. Our previous state- 
ment is therefore true, that the distance between various 
points of the orbit of Mars and the corresponding points of the 
orbit of the Earth which lie between them and the Sun, varies 
from about 36,000,000 to about 62,000,000 of miles. 

This next leads us to the very interesting question : — How 
often will it happen that Mars and the Earth will be so 
situated in their respective paths that they will approach 
within, or nearly within, the smaller of these two distances ? 

As we have already stated, we may, in an approximate 
calculation, reject the variation of the Earth's distance as 
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comparatively trivial. It will, in fact, suffice, if we calcu- 
late when Mars will be in that part of its orbit in which it 
most closely approaches the Sun, and then notice whether the 
Earth will at the same time be nearly between the two.* 
Such a position of Mars relatively to the Earth and the Sun, 
when it is as nearly as possible in the straight line joining them, 
but upon the opposite side of the Earth to the Sun, we shall 
denote by the technical term Opposition. 

Having premised thus much, let us investigate how often 
especially near approaches of the Earth and Mars will recur, 
when the latter is in Opposition to the Sun, supposing the 
Earth's orbit to be circular, and that it is only the ovalness 
of that of Mars which need be considered. 

We first of all notice, that, the period of Mars round the Sun 
being 687 terrestrial days, or about 43 days less than two of 
our years, the planet will be at its nearest to the Sun, or, in 
more technical language, in its FeriAelion, once in every 687 
days. Let us imagine the Earth to pass exactly between the 
Sun and Mars very nearly at a date when Mars is so situated. 
Then the two will make an especially close approach to one 
another. This was the case, for instance, in the autumn of 
the year 1877, as is indicated in Fig. LX., in which the 
point, p, is the Perihelion of the orbit of Mars, while the line 
marked 1877 joins the places of Mars and of the Earth early 
in the month of September of that year. 

Mars having therefore approached particularly near to the 
Earth, when seen in Opposition to the Sun, in 1877, what we 
have next to determine is : — How soon can it and the Earth 
again occupy similar^ or nearly similar, relative positions ? 

To do so, we must next observe that, while the Earth 

* If the Earth could also at the same time be very nearly at its 
greatest distance from the Sen, the above-mentioned 36,000,000 of miles 
might become more nearly 34,000,000. In these dayv, the distance is 
occasionaUy less than 36> 000^000 ; as in 1877, when it was about 
35,000,000 of miles; but it would take an almost inconceivably long 
course of ages, before the exceedingly slow movements of the Petiheha 
of the two orbits (P and p in Fig. LX.) would allow the Earth to be in 
its Aphelion, and Mars in its Perihelion precisely together ; so that the 
nearest approach of the two ever possible might exactly occur. 
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would travel once round the Sun, Mars would go somewhat 
more than half-way round. By the time that the Earth would 
have completed a second circuit — that is, by the end of 730| 
days— Mars would have performed about ^V ^<^re than one 
whole circumference of its orbit, of which it would have 
finished one complete circuit about 43 days previously. Now 
the Earth does not journey quite so quickly as Mars in its 
angular motion round the Sun ; it would therefore, before 
overtaking Mars, describe rather more than J^th of a third 




Fig. LX.— The poAitions of Mars in its orbit, when seen from the Earth in Opposition to 
the Bun, between the years 1877 and 1892. 

circumference; in doing which it would occupy upon an 
average 50 additional days. Consequently, at the end of 780 
days, or 93 more than one whole revolution of Mars, the Earth 
would once more be between the Sun and that planet, or, in 
other words. Mars would be seen in Opposition again ; it being, 
however, by this time about 93 days* journey further away 
from p, the point of its orbit in which it is at its nearest to 
the Sun. The line marked 1879 in Fig. LX, indicates the 
actual occurrence of this event in November 1879. 

The next subsequent occasion when Mars would be in Op- 
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position, as seen from the Earth, would be at the end of about 
780 days more, when it would consequently be about twice 93, or 
186, days from its position of nearest approach to the Sun. This 
is shown by the line marked 1881 in the figure. In like manner 
there would be Oppositions in 1884, 1886, etc. But the time 
of one whole revolution of Mars in its orbit being 687 days, 
it follows that, at the date of the seventh succeeding Opposition 
after that with which we began. Mars would have advanced 
(apart from any irregularity in its velocity) ^14*1^8 of the whole 
way round its orbit ; and at the date of the eighth Opposition 
^ths of the whole way round (651 being 7 times 93, and 744 
being 8 times 93). That is to say, it would on the seventh 
occasion be rather short of having again attained the position 
from which we supposed it to start; while on the eighth it 
would have passed somewhat beyond it. 

In either case it would not be very far from its nearest 
approach to the Sun, and consequently to the Earth ; and, if 
iJlowance be made for the variations in its speed as it travels 
in its orbit, as also, if it be not quite so close to its Perihelion 
to begin with as we have supposed, it may happen that 
either the seventh, or the eighth Opposition, may be the next 
at which an especially close approach to the Earth will again 
occur. 

After this it will be necessary to wait for the next occur- 
rence of such an event until seven or eight more Oppositions 
shall have taken place ; and the interval between two suc- 
cessive Oppositions being, as we have shown, about 780 days, 
it therefore results, that unusually near approaches of the 
Earth and Mars occur at intervals of seven or eight times 
this number of days — i.e., after about 5,460 or 6,240 days; — in 
other words, either after the lapse of ver)*^ nearly 15 years, or 
after rather more than 17 years. Fig. LX. shows that the 
positions of the two planets on the occurrence of the Opposition 
of 1877 were such, that the seventh succeeding Opposition 
in 1892 is that which will involve their next especially close 
approach; inasmuch as that of 1894* would be situated con- 

* The place of the line representing that of 1894 would be nearly two- 
thirds of the way from the line marked 1877 towards that marked 1879. 
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siderably further beyond the Perihelion, p, than that of 1892 
falls short of it. 

If the time of the year at which Mars is thus especially near to 
the Earth be also such as to give the planet an altitude above the 
horizon of any given place which enables it to be well observed, 
its brilliancy will be exceedingly striking ; and details of its 
surface may be detected, which it may be very difficult to see, 
or which may be altogether invisible for fifteen, or seventeen, 
years to come. It is mentioned, for instance, in Chambers' 
" Handbook of Descriptive Astronomy," that De Zach states 
that in 1719 its brightness was so extraordinary as to cause a 
panic. The ruddy colour of its light, for which, according to 
the most ancient records which we possess, it has always been 
celebrated, also becomes at such times especially remarkable 
in naked-eye observations. This was very evident in the 
remarkably near approach of the year 1877 ; a year which, as 
we shall presently show, will be memorable for many reasons 
in the history of. this planet. 

We have already pointed out that it seems, upon the whole, 
more easy to conceive that beings somewhat akin to ourselves 
may exist upon a planet at a considerably greater distance from 
the Sun than the Earth, such as Mars, than upon one which is 
situated nearer to it, such as Venus or Mercur}\ It is there- 
fore ver}'- interesting to find, that the telescope reveals many 
more points of resemblance to the Earth in the case of Mars than 
in that of either of these two last-mentioned planets. 

As we have stated in Lectures VI. and VII., we know 
practically nothing of the physical characteristics of Venus and 
Mercury, owing to their becoming more and more involved in 
the glare of the Sun as they approach their nearest positions to 
the Earth ; and also, in the case of Venus, in consequence of 
the cloudy envelope with which it appears to be surrounded. 
On the contrary, there is not the slightest doubt as to our 
being able to distinguish many physical features and details 
of the highest interest upon the surface of Mars. When Mars 
is at its nearest to the Earth, it is true that it is about eleven 
millions of miles further from it than the nearest distance 
within which Venus may approach; but this comparative 
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disadvantage is far more than compensated by the fact that 
Mars, being in Opposition, is at the same time in its very best 
position fbr observation ; that is to say, it is then seen upon 
the meridian at midnight at its greatest altitude in the 
heavens, and it is high above the horizon during all the dark 
hours. 

What then, let us ask, may be observed at such a time in a 
powerful telescope ? Certain darker markings or shadings 
upon the surface of. the planet are at once noticed ; which^ 
however, occasionally appear to be of a slightly greenish hue, 
in contradistinction to the ruddier tint of the surrounding 
parts. These markings are found to be constant, or nearly 
constant, in form, although subject at times to some amount 
of temporary obscuration. As observation has become more 
painstaking, and telescopes have been improved, it has been 
found possible to recognize an increasing amount of detail, «md 
to construct more or less accurate maps of the surface of the 
planet. In these maps the darker markings are named oceans^ 
seas, gulfs, bays, or inlets, on the supposition that they are 
portions of water ; while the intermediate regions are termed 
capes, continents, or islands. 

Each portion of the surface is, of course, best seen when it is 
turned directly towards an observer, or nearly so ; ue., when it 
is on, or nearly on, the centre of the planet's apparent disc- 
At other times it appears foreshortened, and may be so far 
distorted in its apparent shape, that it is difficult even for a 
practised observer to recognize it. 

An approximate value of the rotation-period of Mars upon 
its axis may be very easily obtained by noticing the interval 
which any small and decided mark upon the disc, or the central 
point of any larger one, occupies in passing once round, before 
it returns to a similar position again. For a more accurate 
determination it is well to take a much longer interval, in 
which a large number of revolutions have occurred, and to 
divide the interval by that number; a procedure which propor-? 
tionally lessens the eflTect of any slight errors of observation. 
For this purpose the ancient drawings of the marks seen 
upon the planet by the celebrated Professor of Geometry in 
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Grbsham College, Dr. Hooke, made more than two hundred 
years ago, and others of not much less antiquity, have proved 
very valuable. They have incontestably demonstrated that the 
principal markings are of a permanent nature, so that we 
can compare, with great exactness, the positions into which 
they were then brought by the rotation of the planet, with 
those in which we now see them at any given moment. 

From such comparisons (which have been made with special 
care by Mr. Proctor) it is found that twenty-four hours thirty^ 
seven mintUes twenty-two and three-quarter seconds is an ex- 
ceedingly close approximation to the true rotation-period of 
Mars. The year of Mars being nearly double our own, it is, 
we think, all the more remarkable to find that its day and our 
day are so nearly of the same duration. As the larger planets, 
Jupiter and Saturn, rotate much more rapidly than the Earth 
(the one in just under ten hours, the other in about ten and a 
half), it might, perhaps, have been imagined that Mars; being 
so much smaller in size, would rotate so much the more slowly ; 
but this is not the case. While we can say very little about the 
rotation-period of Venus, and still less as to that of Mercury, 
we can affirm with the utmost certainty that the excess of that 
of Mars over that of the Earth fells short of thirty-eight 
minutes. 

It may, however, be very fairly asked, whether we are equally 
justified in asserting that the darker markings upon the planet 
are assuredly caused by water, so that they really indicate the 
localities of seas and oceans ? 

The analogy of the Earth, and the general impression con- 
veyed to the eye, may suggest this interpretation of them ; but 
some more positive testimony may be demanded. 

If so, we reply, in the first place, that we are frequently able 
to detect temporary obscurations of considerable portions of 
the surface, which we may, with much confidence, ascribe to 
the effect of clouds overshadowing them ; and that, if there 
are clouds, there must be water. 

Again, we find that the markings near to the edge of the 
disc are always comparatively indistinct, or obscured, owing, 
almost undoubtedly, to the greater thickness of atmosphere 
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through which they are seen. The non-existence of any appre- 
ciable atmosphere would (as in the case of the Moon) be opposed 
to the existence of water ; its presence confirms it. We also 
find that the hemisphere of the planet which is enjoying 
summer, in which the weather might be expected to be drier 
and less overcast, is much more clearly seen, as though it were 
more free from aqueous vapours and cloud, than that which is 
passing through the season of winter. 

Moreover, if we test the light received from the planet by 
means of the spectroscope, and compare it with that received 
from the disc of the Moon,* when the two are seen nearly side / 
by side ; the former shows dark lines, representative of watery 
vapour, which are wanting in the case of the latter. 

We have, therefore, abundant indications of the existence of 
water upon Mars ; and, as there is no doubt that water would 
reflect much less light than land, we are amply justified in 
believing that the darker markings are caused by its presence. 
Their occasionally greenish tint may aiFord some farther con- 
firmation of this opinion. 

But, in addition to all the above reasons, there is one more 
convincing still. It has to do with certain brilliant white spots 
which involve, and surround to a certain distance, the North 
and South Poles of the planet. As the summer progresses, in 
either hemisphere, the spot belonging to the corresponding 
pole rapidly diminishes in size. On the other hand, as the winter 
progresses, it undergoes a great increase and extension. It is 
also noticed, that the^ variations of size in the southern spot are 
greater than those of the northern one (as is also the case upon 
the Earth, see Lecture VIII., p. 190) ; a coincidence especially 
important when we remember that the summers of the southern 
hemispheres, both of Mars and of the Earth, occur in those 
halves of their respective years in which they at present pass 
through their nearest approaches to the Sun. We are, more- 
over, able to watch the increase and diminution of the southern 
polar spot with peculiar facility, because the south pole is 
that which is inclined towards us whenever the proximity of 

* Such a comparison was made by Dr. Huggins ; see Mi/iUhly Notices 
R. A. S. for March 1867 (roL xxvii., p. 178). 
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Mars to the Earth is anasoally close, as it was in the years 
1862 and 1877, and as it will be in 1892 * And, when we thus 
watch this southern spot, we often notice, at such times, a con- 
fiiderable amount of irregularity in its contour ; as is shown in 
the drawings of the planet in Plate V II. 

Upon the hypothesis which we may presume has already 
suggested itself to our readers, — viz.,. that these polar spots are 
composed of snow, — such irregularities may be ascribed to 
differences of elevation ; the hills and mountains of greater 
altitude remaining covered with snow, while those of less 
elevation are denuded. Moreover, a few smaller outlying white 
spots may be seen, which probably indicate isolated mountain 
peaks somewhat further removed from the poles. 

It is also worthy of mention, in this connection, that one 
other remarkable white spot, to which the name of Hall's 
Snow Island has been given, has been observed from time to 
time when the planet has been favourably situated. This 
island, which is far removed from the polar regions (its 
situation being in about 40° of south latitude), may easily be 
found in the chart of Mars which forms our frontispiece, liere 
seems to be very little doubt that there is upon that island 
some very lofty mountain which is always covered with snow. 

Apart, however, from any such additional details as these, it 
must, we think, be conceded, that the alternation of increase 
and decrease in winter and summer ^ of both polar spots, com- 
bined with their extremely white and brilliant appearance — so 
brilliant that one of them has occasionally been visible with a 
telescope when a fog in the neighbourhood of the observer has 
hidden all the rest of the planet from his view — affords almost 
indubitable proof that they are caused by snow. If so, there 
can, we think, be little doubt that the darker tracts ui)on the 
planet's disc are really covered by water. 

* Another remarkable peculiarity of the southern polar spot also deserves 
special attention ; viz., that it does not appear to be concentric with the 
axis of the planet, while the northern one is very nearly so. Why this 
discrepancy should exist we cannot say. It may possibly arise from some 
local effect, dependent upon the distribution of land and water, or it may 
be due to oceanic and atmospheric currents. 
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We may notice in the chart of Mars (see frontispiece) that 
there appears to be a polar sea surrounding, or approximately 
surrounding, each polar snow-cap. It is, however, very difficult 
to determine the details of the planet's surface so certainly as 
we could wish in its higher latitudes ; possibly owing to the 
prevalence of polar mists and fogs upon it. This is the 
case even in the southern hemisphere, although, as we have 
already mentioned, we are acquainted with that hemisphere 
as a whole much better than we are with the other half of 
the planet, in consequence of the south pole being inclined 
towards the Earth whenever Mars most nearly approaches it. 

Very interesting drawings have been made from time to 
time of both hemispheres by many skilful observers, by the 
careful comparison of which a really surprising number of 
details, extending to high southern latitudes and to a more 
moderate distance north of the planet's equator, have been 
authenticated. Amongst the most successful sketches of a 
date previous to the near approach of 1877, we may mention 
those of Messrs. Dawes and Lockyer. From the examina- 
tion of a large number, many of which were by Mr. Dawes, 
while others were by earlier observers, a most excellent, 
and now well known, map of the planet was some years 
since published by Mr. Proctor, copies of which may be found 
in several of his popular and instructive works upon astronomy. 

More recently, in 1877, and again in 1879, very many 
additional drawings have been made. From the careful atten- 
tion which has been given to these by M. Terby, of Louvain, 
we hope that conclusions of much importance may be deduced. 
In our own opinion, the most beautiful of all the drawings 
yet published are those of Mr. Green, a Fellow of the Royal 
Astronomical Society, and a most ardent amateur of astronomy. 
In order to obtain the best possible view of the planet, he was 
so enterprising as to take a large reflecting telescope to the 
island of Madeira in the summer of 1877, where, night after 
night, he made his observations ; and, happily possessing great 
artistic power, depicted what he saw with the utmost skill 
and accuracy. 

By his kindness and that of the Council of the Royal Astro- 
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nomical Society, three of his sketches (the darker markings 
in which represent water) are appended in Plate VII., as well 
as the full-size copy of his Chart of the Planet upon Mer- 
cator's projection, deduced from his own and from many 
other drawings, which forms our frontispiece. In this no 
detail is inserted which has not been confirmed by at least 
three independent observers. The chart and twelve views of 
the planet, tinted by chromo-lithography, were originally 
published in vol. xliv. of the Memoirs of the Boyal Astro- 
nomical Society. The copy of the chart in black and white, 
which we have been permitted to use, is from the original 
lithographic stone, which was fortunately found to be in- 
tiact, and was most kindly placed at our disposal by Mr. 
Green. For this great and unexpected favour the author of 
this lecture desires to express in the warmest terms the 
gratitude which he feels. He is sure that the more this 
very beautiful map is known by the public, the more will its 
merits be appreciated.* 

It may be well to compare some features of special interest 
in the three views in Plate VII. with their surroundings in the 
chart. The longitude of the centre of the first view is T. In. 
it Dawes' Forked Bay is seen rather to the left of the centre ; 
above which bay, extending still further to the left, is Phillips' 
Island. Madler continent occupies a considerable portion of the 
right-hand part of the lower half of the df awing, and above it is 

* It may be noticed that in Mr. Green's chart there are only a few 
occasional and faint indications of certain nnmerons and very remarkable 
so-called canals, which Professor Schiaparelli, at Milan, in the latter part 
of 1877, and agfcin in 1879 and 1881, has seen apparently running in 
such directions that they split up into many smaller divisions the line 
of continents, which otherwise would occupy the greater part of the 
equatoreal regions of the planet. The most remarkable point con- 
nected with these peculiar features of the surface (if they really exist, 
and are not, more or less, the effects of an optical delusion, or of currents' 
in the atmosphere of Mars) is, that they were less evident when Mars was 
at its nearest to the Earth in 1877, than when it had moved away to a 
somewhat greater distance. They were also even more clearly seen by 
Schiaparelli in 1879, when the planet was still further from the Earth ; 
while in 1881 (as is shown in a somewhat rough but very interesting 
drawing by that learned Professor, which is reproduced in Nature of 
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Christie Bay, somewhat foreshortened. Hall's Snow Island is 
hardly noticeable, bat it comes out very distinctly in the next 
view (in which the central longitude is 43°). In this it may 
be also observed that the dark Schiaparelli Lake, situated 
nearly in the same latitude as the above-mentioned island, and 
to the right of it, together with Terby Sea still further to 
the right, form with the surrounding land a most peculiar 
resemblance to the head, eye, and ear, of a dog, or other 
animal. 

The third drawing (in which the central longitude ia 243*^), 
represents by far the most perfect of all the views of the planet 
which Mr. Green obtained. The most prominent feature in it 
is the Kaiser, or (as it is sometimes termed) the Hour-glass 
Sea, from the lower part of which runs off the narrow Nasmyth 
inlet. Lockyer Land, and some other lands, are well seen in 
the upper portion of the view. Many very important half- 
tints also prove how excellent the state of the atmosphere was 
at the time when the drawing was made. Dawes' Forked Bay 
may be noticed near to the right-hand side of the view ; thus 
showing that, in our brief description, we have completed the 
circuit of the planet. For an interesting discussion of many 
other details we refer our readers to Mr. Q-reen's original 
memoirs. 

It will be noticed in the views in Plate VII. that the 
illuminated disc of the planet is of a circular form, since they 

May 4th, 1882, and in the French periodical L'Astranomie for Augost 
1882) they appeared to be in many cases double; so as to consist of two 
narrow lines ronning parallel and very near to one another. What should 
have produced this duplication, or why it should be more visible in 1881, 
even in the clear air of Italy, when the planet was so much further away 
than in 1877, it is difficult to conceive. It must, however, be allowed 
that in the drawings of other observers there are occasional confirmations 
of some of these supposed canals. We think, however, that Mr. Green 
was quite right to omit them when he drew his chart, nor should we be 
as yet inclined to insert them, although they seem to have been, not 
only once or twice, but often, so very distinctly seen by Professor Schia. 
parelli that they are deserving of the most careful attention. It has, we 
believe, been recently suggested, that possibly temporary inundations of 
water may have had something to do with some of these apparent varia- 
tions in the geographical configuration of the planet. 

16 
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refer to dates very near to the time of its Opposition. It may, 
however, be well to mention that this wonld not always be its 
shape. Snch a planet as Jupiter is so distant from the Earth 
that the change of phase by which its disc occasionally 
appears to fall very slightly short of a complete circle is almost 
too small to be detected ; while that of Saturn, or of any 
more distant planet, is quite inappreciable; but Mars is, 
comparatively speaking, so near to us, that its change of phase 
is at times very noticeable. It must, however, be remembered 
that, its orbit being exterior to our own, its phase does not 
vary from that which we see in a Full Moon to that which 
belongs to a New Moon, but only diminishes to some extent 
from a circular form, and then begins to increase again. 
When the planet is in Opposition to the Sun and at its nearest 
to the Earth, its illuminated disc is circular. When it is upon 
the opposite side of the Sun, in Conjunction with it, and at its 
greatest distance from the Earth, it would (if visible) be also 
circular, although very much smaller in diameter. In inter- 
mediate positions one-half of its illuminated disc falls some- 
what short of a circular form, the diminution being greatest 
when the planet is in quadrature — Le., when it is seen in a 
direction at right angles to that of the Sun. It then presents 
an appearance similar to that of the Moon when it is three 
days from being full ; one diameter being about ^ths of the 
length of the other. 

We must, however, hasten on to speak of various other very 
interesting questions connected with the physical condition of 
Mars, although the space at our disposal will only allow us to 
allude to them with the utmost possible brevity. Why, it 
may be asked, is its light so red, that from ancient times it 
has been associated with wars, and stratagems, and toils ; that 
Propertius calls it ^' the savage star of rapacious Mars ; '' 
and that Dante, as he describes the heaven of this planet, 
declares: — 

" With him shalt thou sec, 
That mortal who was at his birth imprest 
So strongly with this star, that of his deeds 
The nations shall take note " ? 
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We muat confess that we caa give no satisfactory answer 
to such a query. Some who have thought upon this subject 
have suggested, that a peculiar and prevailing tinge of the 
vegetation upon the surface of Mars may produce its ruddy 
hue. Others, that it may be due to a large amount of red 
sandstone among its rocks, or of red earth in its soil. But no 
explanation yet given really meets the difficulties of the case. 

The inclination of the equator of Mars to the plane of its 
orbit round the Sun (a matter of some doubt) has until 
recently been considered to be about 27^°. If so, the pecu- 
liarities of its seasons would not be very diflFerent from those 
of the Earth, with the exception that they would be slightly 
intensified ; its arctic circles extending only some four degrees 
further from the poles (or rather less), and its tropics the same 
distance further from the equator, than our own limit of 23^°.* 

At any rate, so far as the question of the habitability of 
Mars is concerned, we may say : — Its day is only a little 
longer than our own : its surface is varied by land and sea, 
by snow-clad mountain and arctic ice: its temperate and 
tropical zones are not very different in extent from those of 
the Earth. But, at the same time (as may be seen from 
Mr. Green's chart), the proportion of land compared with that 
of water is probably much greater ; so that there is about an 
equal extent of each, instead of one part of laud to three parts 
of water, as upon the Earth. The chart also indicates that 
the water frequently winds amongst the land in long inlets, 
and that it may be in general possible to journey the greater 
part of the distance between any two given localities by water.f 

On the other hand, the year of Mars is} very much longer 
than our own. Moreover, as a consequence of the ovalness of 
its orbit, the number of days in its successive seasons must 
greatly vary. This is the case to such an'^extent, that in the 

* We nnderatand that Professor Schiaparelli has recently deduced an 
inclination of rather less than 25^, which would^cause the climatic zones 
to correspond almost exactly with those of the Earth. 

t Some modifications and additions must be admitted into the above 
statement, if the existence of Schiaparelli's canals be confirmed, and if 
it be allowed that they are formed by water. 
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northern hemisphere there are 372 Martial days in the sunvmer 
half of the year, while in the winter half there are only 296 ; 
the lengths of the four quarters being respectively; — of the 
spring, 191 days ; of the summer, 181 days ; of the autumn, 
149 days ; and of the winter, 147 days. In the southern 
hemisphere the durations are of course interchanged. 

Such a variation in the length of the seasons, although 
considerable, would, however, not be very troublesome. And 
the smaller amounts of heat and light which are received by 
Mars might coincide with a slower growth of vegetation and of 
the crops, so that a year and seasons of about double the length 
of our own might be very convenient. There are, nevertheless, 
other reasons connected with the diminished amount of solar 
light and heat, to which we have just referred, which, in our 
opinion, involve the question of the habitability of Mars in very 
considerable difficulties. 

Upon an average this light and heat would only be of an 
intensity equal to y^nr^^^? ^^ rather more than fths, of that 
which the Earth receives, which may be shown as follows : — 
The Sun would present to an observer upon Mars a diameter 
about two-thirds of the size of that which it exhibits to us, 
because Mars is at a distance from it equal to about 1^ times 
that of the Earth ; and the light and heat received would vary 
as the surface of the apparent disc, Le. as the square of |rds, 
or nearly as ^ths ; the more accurate value being, as above 
stated, x^^ths. 

In the preceding paragraph we have used the expression 
" upon an average," because it must be remembered, that a 
considerable variation in the above value would also be caused 
by the ovalness of the orbit of Mars. Its minimum distance 
from the Sun being 129,000,000 miles, its mean distance 
142,000,000 miles, and its maximum distance 166,000,000 
miles, there would be a corresponding variation in the Sun's 
apparent diameter of about ^th part of its mean value. In 
other words, the diameter of the Sun's apparent disc, at 
different times in each Martial year, would be as the numbers 
10, 11, and 12. The light or heat received would be as 
the squares of these numbers, ue. as 100, 121, and 144 ; or 
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nearly as the numbers o, 6, and 7 ; Le. it would sometimes 
be increased, and sometimes diminished, by a sixth part of its 
mean intensity. 

But such a variation is not excessive. We need, therefore, 
only take into consideration the average amount of light or 
heat which the planet receives. And the habitability of 
Mars, as far as this point is concerned, really depends upon 
the answer that may be given to the following query : — 
Can we suppose that beings such as ourselves, if there be no 
other obstacle, could exist with somewhat less than one-half 
of the solar light or heat that we enjoy ? We think that 
the answer must certainly be. Yes ! 

When we consider how readily man can adapt himself to an 
arctic or to a tropical climate ; when we compare the average 
temperature in which a Greenlander, or an Esquimaux, can be 
contented, with that in which the Papuan, or Central African 
negro delights ; we are inclined to think, that it would need 
no very great modification of bodily constitution to enable a 
man to live on Mars ; especially if there were something in 
its atmosphere, or in its physical conditions, which might 
prevent the cold from being so great as it otherwise would be. 

And it has been suggested that this must be so, because 
the snow-caps do not extend by any means so far from the 
poles as we should have expected would be the case, when we 
remember that the greater distance of Mars from the Sun, if 
in other respects it resembled the Earth, is such as would 
produce an average temperature upon its equator no greater 
than that which is found in about 62^ of north or south 
terrestrial latitude. 

At the same time we must confess, that we perceive no signs 
upon Mars of any specially dense atmosphere, heavily laden 
with vapours, such as might retain, and (so to say) hoard up 
the heat received. The mists, or clouds, which we see are in 
general thin and transitory ; and other observations of various 
kinds all combine to indicate, that the apparent absence of 
frost and snow is accompanied by a rarer, rather than by a 
denser, atmosphere than that of the Earth. Moreover, it 
would be according to all analogy to suppose, that a globe so 
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much smaller than the Earth should be enveloped by a propor- 
tionately less extent of atmosphere. At the same time, the 
much smaller attraction of gravity upon Mars, quite apart 
from any relation between the whole mass of the atmosphere 
and that of the planet, would cause any given quantity of air to 
extend to a much greater height, and to possess a much less 
density in its lower layers. Upon each square inch of the 
Earth's surface the pressure of the atmosphere amounts to 
about fifteen pounds avoirdupois ; upon Mars (if the same 
amount of air, instead of a proportionately less amount, were 
superimposed upon each square inch of its surface) the pressure 
would only be about 5g pounds, so that the surface density of 
the atmosphere would be barely |ths of that to which we 
are accustomed. It would, in fact, be less in the same propor- 
tion as the attraction of gravity is less upon Mars than upon 
the Earth, and would be nearly equal to that of the air which 
is met with upon the tops of our highest mountains. If, in 
addition, the total amount of atmosphere were reduced in the 
proportion of the mass of Mars to that of the Earth, the density 
would be much farther diminished.* 

But it may be asked : — Is it not because of the rapid radia- 
tion of heat due to the raritj' of the air upon mountain tops 
that the moisture precipitated upon them takes the form of 
perpetual snow ? although, the rarer the air, the more freely 
do the incident rays of the Sun pass through it. In fact, if the 
atmosphere upon Mars is very rare, would not the result be 
an intensification of cold, and a consequent great extension of 
the polar snows, with an occasional deposition beyond their 
ordinarj' limits, of such large quantities of snow as would be 
verj' easily seen by means of our telescopes. Some such 
efiects are doubtless occasionally observed, but they are far 
less important or extensive than we might reasonably expect. 

♦ Some of the above reasons for the probable rarity of the density of 
any atmosphere of Mars are more fully discussed in a series of very able 
and interesting articles, published in the January, February, and March 
numbers of the Sunday Magazine for 1882, by Mr. Maunder, F.R.A.8., of 
the Royal Observatory, Greenwich, to whose charming explanations we 
beg to acknowledge that we are much indebted. 
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How then is this discrepancy to be reconciled with the sup- 
position of the rarity of the planet's atmosphere ? 

It may he replied that, the cold must undoubtedly be very 
great if the atmosphere is rare, but that, owing to other causes,* 
there is not anything like a similar amount of cloud or vapour, 
rain or snow, upon Mars to that which there is upon the Earth. 
In a rarer atmosphere vapour would not rise or be diffused so 
rapidly, and atmospheric currents would be much weaker ; so 
that the vapours formed over the seas and oceans would have 
a tendency to hang over the regions where they were generated, 
instead of being blown away as clouds, to fidl upon the con- 
tinents after a while, in a re-condensed form, as snow. 

Possibly, in some such way, the absence of a general cover- 
ing of snow, extending much fiirther from the poles than 
appears to be the case, may be explained. There are, however, 
many difficulties involved in the whole question, which we must 
not discuss any further. We can only say, that, if the atmosphere 
upon the surface of the planet be of less than two-fifths of the 
density of that to which we are accustomed, or possibly of a 
' much rarer density still, any beings who may breathe it must 
be of a decidedly different constitution from ourselves. 

It seems, therefore, upon the whole, most reasonable to 
suppose that Mars, as a smaller planet than the Earth, may 
have passed more rapidly through its process of evolution, and 
be now no longer so suited for habitation as it may once have 
been. At the same time we must allow, that the difficulties 
connected with the supposition of the habitability of Mars by 
beings not altogether dissimilar from ourselves, are, so far as 
we can judge, less formidable than in the case of any other of 
the planets. 

It may consequently be not altogether out of place to remark, 
that any such inhabitants, if actually existent, would probably 
be of a considerably larger build than those who people the 
Earth, and might, therefore, in their larger bodies maintain a 
higher temperature than ourselves, and for their larger eyea 
need less light. The supposition of their larger size is, of 

* See the articles, previously referred to, by Mr. Mannder, in the first 
three number:^ of the Sunday Magazine for 1882. 
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oourse, consistent with the diminished attraction of gravity^ 
to which we have previously referred, which would catlse a 
man weighing ten stone here to weigh less than four stone 
upon Mars, and enable one fifteen feet high to be as light and 
agile as a man six feet high would be upon the Earth. 

In connection with the above reference to the diminution of 
the attraction of the force of gravity upon the surface of Mars, 
— a result which depends upon its size as well as upon itfi 
density, — ^it may be well to mention, that the planet is really 
smaller than the occasional brilliancy of its light might lead 
many persons to suppose ; its volume being only about yth of 
that of the Earth, and its weight between ^th and j*^,th. 

It is, indeed, a somewhat curious fact that, as time has gone 
on, successive observations have given smaller and smaller 
values for the diameter of the planet. It may be remembered 
that we stated that this was also the case with Venus. In both 
instances, this result is probably related to the irradiation 
which surrounds the bright images seen in a telescope, from 
which the measures of their diameters have been made. The 
bfetter the telescope employed, the more accurately can the 
boundary of their discs be determined. Consequently the 
continued improvement in modem instruments has diminished 
our estimates of their size. The diameter of Mars is now 
believed to measure about 4,200 miles, or between that and 
4,300 miles ; instead of 4,800, or 4,900 miles, which was until 
recently the accepted estimate. 

It should also be remembered, that the diminution in the 
value assigned by recent investigations to the distance of the 
Sun from the Earth diminishes our estimate of the distances of 
all the planets, and consequently of all their diameters which 
have been deduced from those distances combined with their 
apparent sizes. If, for instance, we alter the Sun's distance 
from 95,000,000 miles to 93,000,000 miles, we must take /^ths 
off our previous value for every planet's diameter. We have 
mentioned these facts lest any of our readers should find it 
difficult to reconcile the values assigned to the diameter of 
Mars in text-books of a few years since, with some of the 
statements made in this lecture. 
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We will now give a short account of what is undoubtedly 
one of the greatest, as well as one of the most recent, triumphs 
of astronomy. We refer to the discovery of two moons, or 
satellites, of Mars in the year 1877. On the night of August 
11th, 1877, Professor Asaph Hall was searching with the 
magnificent refracting telescope of the Washington Naval 
Observatory, in the neighbourhood of the planet, with the hope 
that the application of a more powerful and effective instrument 
than had ever before been used for its observation, combined 
with its especial proximity to the Earth at the time, might 
enable him to discover a satellite, if one should exist which, 
owing to its small size, had not been previously seen. It is 
very remarkable that he almost immediately perceived a small 
star-like object, at an apparent distance from Mars equal to 
between two and three times the diameter of the jJanet's disc. 
Perhaps we can best indicate the skill and ability with which 
the discovery was completed and confirmed, by the following 
quotation, which is taken, with a very slight alteration, from 
Professor Newcomb's " Popular Astronomy." 

" On the night of the 16th of August this small object was 
again seen ; and two hours' observation showed that it followed 
the planet in its apparent orbital motion. This showed con- 
clusively that it was not a fixed star, and must therefore be a 
satellite, unless by chance one of the group of small planets 
between Mars and Jupiter happened to occupy this position. 
Upon examining an ephemeris it was found that the small 
planet Europa was calculated to be only two or three degrees 
distant from Mars, and if the ephemeris were erroneous by 
this amount, the object observed might be this very body. A 
rough calculation, from the observed positions of the satellite 
and the known mass of Mars, showed that the period of revolu- 
tion would probably not be far from twenty-nine hours ; and 
that, if the object were a satellite, it would be hidden during 
most of the following night, but would reappear near its original 
position towards morning. On the contrary, if the object were 
the small planet Europa, it would, on the next evening, be a 
little south-east of the planet. 

" The following night was beautifully clear, and when Mars 
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rose high enough to be well seen^ the telescope was pointed at 
it. A small star was soon seen quite near the oompated posi- 
tion of the hypothetical small planet^ while no satellite was 
visible. But a few minutes of observation with the micrometer 
showed that Mars was passing by this object, and that the 
latter was therefore a fixed star, and not the moving object 
seen on the preceding night. The appearance of the satellite 
was therefore looked for with much confidence, and at four 
o'clock on the following morning it emerged from the rays of 
the planet as predicted ; so that no reasonable doubt of its 
character could remain. 

^^But this was not all. The reappearance of the satellite 
was followed by the appearance of another object much closer 
to the planet, which proved to be a second and inner satellite. 
The reality of both objects was abundantly confirmed by obser- 
vations on the following nights, not only at Washington, but 
at the Cambridge Observatory by Professor Pickering and his 
assistants, and at Cambridgeport by Messrs. Alvan Clark and 
Sons." 

The movements of these two satellites were, of course, most 
carefully followed, both in America and in Europe, until the 
increasing distance of Mars rendered them invisible. The 
observations of the inner satellite were, however, very few, 
except at Washington, and by Professor Pickering at the 
Havard Observatory (Cambridge, U.S.), and at Cambridgeport. 
It was, in fact, very difficult to obtain accurate measures of its 
position. But the observations made at the above-named 
})laces suffice to give valuable elements for the orbits of both 
of these moons ; so that, in 1879, when the planet again 
approached near to the Earth (although not so near by about 
ten millions of miles as in 1877), they were found very close 
indeed to their expected places. 

In 1877 the great reflectors of Lord Rosse and of the Mel- 
bourne Observatory did not show them very successfully. On 
the other hand, in 1879, they were excellently observed, not 
only by the large refractors in America, but also by means of 
the new reflecting telescope belonging to Mr. Common, of Ealing, 
three feet in aperture, which appears to be of the highest ex- 
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cellence, and to possess remarkably good defining power- 
Indeed, both in America and in England the two satellites 
were much better seen in 1879 than had been anticipated; 
the reason perhaps being, that in practice it is always easier 
to see a faint body when we know where to look for it, than 
to discover it for the first time when our gaze is roaming 
about in a somewhat vagrant way over the field of view* 
They have again been visible, but only for a few days, 
during the Opposition of 1881. We can hardly, however, 
hope that they will be seen any more before the year 1888, 
possibly not until 1890. 

To these two satellites, the smallest by far of all the known 
members of the Solar System (with the exception, perhaps, of 
some of the numerous family of minor planets), the names of 
Dbimos and Phobos have been assigned. These names have 
been variously rendered Dread and Terror^ or Fear and Flighty 
or Dread and Fear. They are to be found in a passage in the 
fifteenth book of the Iliad, in which Homer uses them to 
describe the two companions of Ares, or Mars, from which, at 
the suggestion of Mr. Madan, they were ado})ted for the 
satellites. In Pope's translation we read : — 

" With that he gives command to Fear and Flight 
To join his rapid coursers for the fight. 
Then, grim in arms, with hasty vengeance flies; 
Arms that reflect a radiance through the skies.*' 

These two minute attendants of their primary are so small 
that it is impossible to measure any appreciable diameters of 
their discs, or to judge of their sizes, except by estimating as 
carefully as may be the amount of light which they reflect. 
This has been done with every possible precaution by 
Professor Pickering (see vol. xi.. Annals of Harvard College 
Observatory); and it has been concluded by him, and by some 
other observers, upon the assumption of their light-reflecting 
power being similar to^that of Mars itself, that their diameters 
most probably lie between six and seven miles. Tliere seems 
to be little, if any, doubt that Phobos, the inner one, is the 
brighter of the two ; especially when due allowance is made 
for its nearer proximity to the glare of the planet in the field of 
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view of the telescope. Phobos is therefore, in all probability, 
rather larger than Deimos. 

We cannot but feel that there is altogether something very 
strange abont these little members of the Sun's family. It is 
most likely that some of our great landowners would hardly 
find sufficient room for such an estate as they occupy upon 
the Earth, either upon Deimos or Phobos. They seem to 
bear somewhat the same relation as regards size to the rest 
of the satellites, that the minor planets revolving outside the 
orbit of Mars bear to the other planets. Nor can we but be 
struck with the fact, that we meet with them upon the confines 
of the very same region in which the minor planets circulate. 
And, although they may have long belonged to Mars, and have 
only been so recently discovered, owing to the previous want 
of sufficient telescopic power, we may, perhaps, be allowed to 
suggest, that it is just possible, that these two satellites may 
be two of the minor planets, to which Mars may have passed 
so near that it has picked them up and attached them to itself. 
We are of course aware, in making this suggestion, how very 
unlikely it is that a comet, or a meteorite, should at any time 
pass so close to a planet, and under such conditions as to its 
velocity and direction of motion, that its orbit should not only be 
perturbed (or, it may be, very greatly changed, as has happened 
in the case of certain comets which have passed near to Jupiter 
or t^ Saturn), but that it should actually become a satellite of 
the planet, and remain permanently attached to it. But this 
does not seem to be -quite so unlikely in the case of Mars and 
a minor planet, inasmuch as it will be shown in our next 
lecture, that we know at the present time of at least one minor 
planet which, in the nearest portion of its orbit to the Sun, 
comes about five million miles nearer than the maximum dis- 
tance of Mars. Such an one, if its orbit were only moderately 
oval, might therefore, at any given time, be moving nearly in 
the same path and with the same speed as the planet itself, 
and thenceforth remain under its permanent control. 

The small size of these bodies is not, however, their most 
remarkable feature. Their nearness to the planet's surface, and 
the rapidity of their motions round it, are still more curious. 
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Mars turas upon its axis^ as we have already stated, in 24 
hours 37 minutes 22f seconds. The nearer of the two satellites 
goes round it in 7 hours 39 minutes 14 seconds ; the outer in 
30 hours 17 minutes 54 seconds, the latter period being almost 
exactly four times the former; — a fact which may some day 
prove to be of special interest and importance. It follows 
from the above-mentioned statements, that the apparent motion 
of the outer one, as it would be seen by an observer upon Mars, 
although it would be from east to west across the sky, would 
be very slow. On the contrary, the inner one would possess 
the most extraordinary property of appearing to cross the sky 
day by day from west to east ; ue,, in the reverse direction to 
that pursued by all the other heavenly bodies. 

Let us endeavour to explain why this would be the case. 
In order to do so we may recall the statement made in 
Lecture IIL, page 56, with regard to the way in which 
the apparent daily circuit, which our own Moon would 
otherwise appear to perform from east to west once in every 
24 hours, is modified by its orbital motion round the 
Earth. 

We showed that in 24 hours the Moon describes about ^^th 
of its own path around the Earth from west to east ; from which 
it results that its appifrent daily motion across the sky from 
east to west is somewhat slower than it else would be, the 
velocity which it would otherwise appear to have being dimi- 
nished by about ^th part. At the end of 24 hours after it 
has risen on any given day, it does not rise again, but is in 
general about ^t\x partof a whole revolution below the horizon. 
It therefore rises upon an average about ^\ki of 24 hours, or 
from 40 to 50 minutes later, on successive days. 

But let us make another supposition, and imagine the Moon 
to go round the Earth in 48 hours. It would in that case go 
back just half as quickly as it would otherwise seem to go 
forward. If it rose at 6 p.m., and (apart from its own motion 
in its orbit) would appear to go across the sky so as to set at 
6 a.m., it would, instead of so doing, be seen only half-way 
across at that hour; in other words, it would be upon the 
meridian at 6 a.m. 
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Once more, let us suppose the Moou to describe its orbit 
round the Earth in A single day, and let us also (in order to 
avoid certain complications) suppose its path to be in the 
plane of the equator, a position which very nearly corresponds 
to that of the satellites of Mars. In this case a very curious 
result would follow ; viz., that the Moon would be seen by one 
half of the Earth, but never by the other half; and any place 
that would see it would always see it in one fixed posili'^in 
in the heavens.* 

But lastly, let us suppose the Moon to circle once round the 
Earth in less time than the Earth occupies in one revolution 
upon its axis. What would then happen? Its real motion 
from west to east being greater than the apparent motion from 
■east to west imparted to it by the Earth's rotation, it would 
appear to go round the sky from west to east^ with a velocity 
equal to the excess of the one motion over the other, instead 
of apparently travelling from east to west, as all the other 
heavenly bodies do. Now this is just what happens in the 
case of the inner satellite of Mars, and for an exactly similar 
reason. The rotation of the planet would make it appear to go 
once round from east to west in 24 hours 37^ minutes ; while 
its own motion would take it round from west to east in 7 hours 
39 J minutes. The combined effect is, that in about 11 hours t 
it seems to go once round the Martial sky from west to east. 

The outer satellite travels round its orbit in about 30 hours 

'**' This may perhaps be best undergtood by a simple example. Let the 
Moon, for instance, be supposed to be upon the meridinn of any place at 
any given time ; then it is not difficult to realize that it would (upon the 
above supposition) just keep up with the movement of the place produced 
by the rotation of the Earth, so that it would appear to remain fixed 
upon the viieridian in question. Similarly for other positions in which it 
might be continuously seen from other places of observation. 

t The former velocity being rather less than ^rd of the latter, inas- 
much as 24^ 37" is rather more than 3 times 7** 39", it follows that the 
velocity corresponding to a rotation in 7** 39™ will be diminished by 
rather less than one-third part. We must consequently increase this 
period by barely one-half (or, in other words, increase it in a ratio 
rather less than that of 3 to 2) in order to obtain the duration of the 
apparent circuit of Phobos. This gives, as above stated^ about 11 
hours. 
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from west to east. The apparent motion from east to west 
caused by the rotation of Mars being somewhat greater than 
this, it does not appear absolutely to stand still, as it would if 
its period were exactly 24 hours 37 minutes ; but it has a 
comparatively slow movement from east to wfest — in fact, so 
slow, that about 1311 terrestrial hours are occupied in its 
apparent circuit once round the Martial sky. 

It may therefore be quite possible for the two, on certain 
occasions, to be seen approaching each other from opposite 
directions, until one may pass in front of the other and eclipse 
it ; or, as would more oft,en be the case, the one might pass 
slightly above or below the other. 

We cannot now repeat the calculations with regard to 
various other points of interest connected with these satellites, 
which we made in a course of lectures delivered at Gresham 
College shortly after their discovery. It may suffice to men- 
tion, that we found that Phobos altogether escapes eclipse 
about once out of every twice that it is in the position 
of Full Moon, owing to the tilt of its orbit to the plane of 
that of Mars, while Deimos does so four times out of every 
five. We showed that the maximum duration of an eclipse 
of Phobos is about 53 minutes, and of one of Deimos about 84 
minutes. We also stated that, owing to its slow apparent 
motion across the Martial sky, Deimos may, in the interval 
of about 66 hours between its rising and setting, pass three 
times through the phase of Full Moon, and thrice suffer eclipse. 
An example or two of what might occur in the course of a 
single night may, perhaps, not be uninteresting. Supposing 
sunset to take place near to such an hour as upon the Earth 
we should call 6 p.m., Phobos might have risen a short time 
previously in the west. After the lapse of about 3f hours, if 
we suppose the observer to be at the time in question at a place 
upon the equator of Mars, and the satellites to be apparently 
moving nearly in the equator of the heavens, the Sun would 
be about 65** below the western horizon, and Phobos about 
55° above its eastern point; and Phobos might now be in 
the middle of an eclipse, which (having commenced at about 
a quarter past 9 p.m.) might, under favourable circumstances, 
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continue until soon after 10 p.m. At about half-past 11 p.m. 
Phobos would set in the east. At about 5 a.m. it would rise 
again in the west, and for a considerable part of the time 
between this hour and the rising of the Sun at about 6 a.m. in 
the east, another eclipse might be going on ; Le.y two eclipses 
might occur during the same night, but only OTie between a 
rising and setting of the satellite. 

In the preceding paragraph, for the sake of simplicity, we 
have spoken approximately of Martial hours as though they 
corresponded with those of the Earth, the difference in the 
length of the diurnal rotations being small. If, however, by 
the Martial hour we mean ^\^th of the planet's rotation- 
period, its value would of course be about 1 hour 1^ minutes 
of terrestrial time. 

Again, we might suppose the Sun to set in the west at about 
6 p.m.,. and Deimos, the outer satellite, to have risen about 
an hour previously in the east. A total eclipse, which in an 
extreme case would last for about 84 minutes, might soon 
afterwards occur. Upon the occurrence of the next sunset 
Deimos would have increased its distance above the horizon 
by about 68°, and a little before the following midnight it 
might be undergoing another total eclipse. The Sun would then 
rise and set again, during which interval Deimos would have 
described another 68° in the sky. Before a third sunrise 
Deimos might be again eclipsed, and some time after that 
third sunrise it would set in the west.* 

A few other interesting calculations relating to these Martial 
satellites may also be made. For instance, the fact that our 
own Moon really appears to be larger when seen near to the 
zenith than when seen near to the horizon, which we explained 
in Lecture IV. (see Fig. XXIII., page 90), may be still more 
clearly illustrated in the case of Deimos and Phobos, and 
especially in that of the latter. 

Phobos being about 5,800 miles distant from the centre of 

* The above calculations easily follow by taking the apparent motion 
produced by the rotation of Mars in a terrestrial hour to be 14*62°, while 
those of Deimos and Phobos in their orbits are respectively 11*88° and 
4703°. 
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the planet, would, if in the zenith of an observer, be only about 
3,700 miles above him. But when seen in the horizon, it 
would be more than 5,400 miles distant. Its apparent breadth 
would therefore be increased in the former position in the ratio 
of about 3 to 2, and the area of its apparent disc, and the 
amount of light received from it, in the ratio of the squares 
of these numbers, or about as 9 to 4. When seen in the 
zenith, the light received from it would consequently be more 
than twice as great as if the satellite were in the horizon. In 
the case of the outer one the similar increase of light would be 
rather less than one-third. 

The variations in their light as they pass across the heavens 
would therefore be very considerable. But, even at the best, 
that light would be extremely feehUj notwithstanding their 
nearness to the planet. 

Let us endeavour roughly to calculate what it might amount 
to. The outer satellite, when seen in the zenith of an observer, 
would be about 20 times as near as the Moon is to the Earth. 
If, then, we suppose it to have a diameter 300 times as small, 
it would result, since 300 is 15 times 20, that it would have 
an apparent disc of ^th of the diameter of that which our 
Moon presents, and the area of this disc (225 being the square 
of 15) would be ^^th of that of our Moon. At the same time 
it would only be enlightened by a sunlight which varies, 
according to the position of Mars in its orbit, from about \ to 
about \ of that which our own satellite receives. If we mul- 
tiply 225 by 2 and 3 respectively, we obtain the numbers 450 
and 675. The light given by Deimos would therefore vary 
from about ^^T^th to ^th of that of the Earth's Moon, and 
even this faint light would be diminished by |th part if Deimos 
were seen near to the horizon. It would be very difficult, if 
not impossible, for the phases of so minute a disc to be dis- 
tinguished without telescopic aid, by eyes such as our own. 
We have, however, already suggested, that those who strongly 
believe in the habitability of Mars, may very reasonably sup- 
pose Martial eyes to be on a larger scale, and altogether 
superior to terrestrial eyes. 

The distance of the inner satellite from the surface being 
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less than ^rd of that of the outer one, the light which it would 
give, supposing it to be of the same size, would be about ten 
times as great, and would consequently vary about :^th to 
about ^th of that of our Moon. This amount would again be 
diminished by more than one-half when the satellite might be 
seen close to the horizon. 

The outer one would therefore be of practically no use as a 
light-giver, the inner one of very little. In fitct, it is hard to 
imagine any useful purpose which these minute Moons can 
serve, except it be, that their motions are so rapid, that they 
may to some extent supply the place of watches and clocks 
upon Mars; or afford voyagers upon it an opportunity of 
•calculating lunar distances, by which they may determine 
their longitude with much greater precision than terrestrial 
navigators can attain. 

When the satellites were first discovered, some exaggerated 
statements were made as to the tides which they might 
produce in the Martial waters. It was not long, however, 
before these statements were corrected. Very little calculation 
showed that the smallness of their masses, notwithstanding 
their proximity to the planet, would prevent them from form- 
ing tides of any importance ; and that they would not, in this 
respect, have the very beneficial influence which some writers 
were inclined to claim for them, of removing all tendency to 
stagnation in the seas and oceans of the planet. 

It is not a very difficult matter to make a rough calculation 
that, in all probability, the outer one would not generate, in the 
open sea, a tide of an average height of more than about ^innr^^ 
part of that which is generated by the Moon upon the Earth ;* 

* This statement may be approximately confirmed as follows : — The 
Moon's distance from the Earth's centre is equal to about 60 times the 
Earth's radius ; whUe the outer satellite is distant from the centre of Mars 
about seven times the radius of the planet. Its tidal power, owing to its 
nearer proximity, would consequently be greater in comparison with 
the attraction of gravity upon the surface of Macs, than that which 
our own Moon exerts upon the Earth, as the cube of 60 exceeds 
the cube of 7 ; i.e. as 216,000 exceeds 343, or about 630 times. (See 
Sir E. Beckett's ^'Astronomy without Mathematics," p. 163.) But its 
power would at the same time be less, in the proportion in which the 
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while that caused by the inner one might be, npon an average, 
about fifteen times as great ; but still more than 500 times 
less than one of our lunar tides. 

It is hardly worth while further to discuss tides of so small 
a magnitude. We may, however, remark that we have used 
the phrase " average height of tide," in the preceding para- 
graph, because we have calculated, that the fact that the 
inner satellite is at a distance from the centre of Mars less 
than three times the radius of the planet, while the distance of 
the outer one is only about seven times that radius, would 
involve a remarkable result It is well known that the tidal 
power of our own Moon is much the same upon water, either 
situated immediately beneath it or upon the very opposite side 
of the Earth, so far as that power may be estimated by the 
difference of its attraction upon the water in question, and 
upon the mass of the Earth as a whole,* which latter attraction 
depends upon the Moon's distance from the Earth's centre. 
In fact, the difference of the tidal power of the Moon, in the 
two cases supposed, only amounts to T^th of its value in either 
case. But the comparative distances of the satellites of Mars 
from the nearest point of the surface of the planet immediately 
beneath them at any given time ; from the centre of the 
planet ; and from the Airthest part of its surface ; differ from 
one another to such an important extent, that we found, when 
lecturing upon them some time since at Gresham College, 

ratio of the mass of the satellite to that of Mars falls short of the ratio 
of the Moon's mass to the Earth's. The latter ratio is about ^. The 
satellite's diameter, if taken as seven miles, is ^ of that of Mars ; and 
if its average density be supposed the same (although it may probably 
be much less), its mass would be a (^y part of that of Mars, i.e. a 
TTTv^mr^ ps^- Instead, therefore, of a tidal effect G30 times as great, 
we should for this reason only have an effect TrWiAmnr of 630 times as 
great, which would amount to about a ^ ^ part. And upon a globe of 
about one-half of the radius of the Earth, the height of the resulting tide 
would again be diminished by about one-half, so as to be about ^^^ of the 
height of the Earth's lunar tide. 

* This is, of course, according to what is called the statical theory of 
the tides, which, although altogether unsatisfactory as a real explanation 
of their formation, is sufficient to iUustrate the peculiarity to which we 
now refer. 
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that of the two correspoDdiiig tidal effects for the inner Moon^ 
the one would be three times as great as the other ; while for 
the outer Moon the one would be fully half as large again as 
the other.* 

An interesting consequence, which may probably result froni 
the solar tides upon Mars, although they are very likely only 
about ^thf of the height of those upon the Earth, has re- 
cently been pointed out by Dr. Ball ; viz. — ^that their frictioa 
may be one cause which, by gradually retarding the speed of 
the planet's rotation upon its axis, has helped to bring about 
the remarkable fact that it is now more than three times as 
slow as that of the inner moon in its orbit around it. Dr. Ball 
also states, in his lecture published under the title of ^'A 
Glimpse through the Corridors of Time," that Mr. Darwin's 
recently developed theor}- of tidal evolution indicates, that a 
similar effect may be produced by the solar tides upon the 
Earth's rate of rotation, in the course of long ages yet to 
come, after the Moon's month and the Earth's day have each 

* The Moon is distant from the centre of the Earth about sixty times 
the Earth's radius. Its distances from water immediately beneath it ; from 
the Earth's centre ; and from water upon the opposite side of the Earth, 
are therefore as the numbers 59, 60, 61. The tidal powers above referred 
to are therefore in the two cases, respectively, m jg.— ^, and^— gj,^ 
A little arithmetical work will show that the difference of these two 
values is about ^th part of either. The corresponding distances for the 
inner satellite of Mars are 3700, 5800, 7900 miles ; and for the outer 
satellite, 12,400, 14,500, and 16,600 miles. From these numbers it is 
easy to verify the statement in the text. 

t The Sun's mass being about 3,100,000 times that of Mars, and only 
about 330,000 times that of the Earth, its tidal power, in comparison with 
the attraction of gravity upon the surface of the Earth or Mars, would be 
about 9i times greater upon the latter planet (see ^^ Astronomy without 
Mathematics/' p. 163). But the distance of the Sun from Mars is about 
72,000 times the radius of Mars, while its distance from the Earth is about 
23,000 times the Earth's radius. Its tidal effect will therefore be dimi- 
nished in the cube of the ratio of 23 to 72, or about 30 times. Owing to 
the radius of Mars being about one-half of that of the Earth, the height 
of tide would also be diminished about one-hall Hsace we have height of 
solar tide upon Mars equals about V of ^ of ^ of its height upon the 
Earth. In other words, it would be approximately of about ith of the 
height. 
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been lengthened by the present Innar tides to about 1,400 
times twenty-four hours. The lunar tides would then for a 
time remain stationary ; but the solar tides continuing would 
still further lengthen the Earth's day, so that it would at last 
exceed its satellite's month, as the day of Mars exceeds more 
than thrice the month of its inner moon. 

If there be any astronomers possessed . of good telescopes 
upon Mars, there is little doubt that they can determine 
whether its satellites are inhabited. It would, in fact, be 
just as easy as it would be for us to determine the like ques- 
tion with regard to the Moon, if it were brought, in the two 
cases respectively, within about ^th oi ^th of its present dis- 
tance. If, on the other hand, there are astronomers upon 
those little moons, most wonderftd must be the view of Mars 
which they enjoy 1 From the inner satellite its disc would 
subtend an angle representing more than fths of the width of 
the whole heavens, e.^., nearly 42^° ; while from the outer it 
would still subtend an angle of about 16^°, e.^., about ^r^h of 
the width of the celestial vault. The apparent area of its disc 
in the two cases would respectively be about 6,400 and 1,000 
times that which our Moon presents to us ; its light some 400 
times as great when viewed from the outer satellite, and 2,500 
times as great from the inner one. And yet the sight would 
not be so wonderful as that of Saturn to an observer placed 
upon the inner edge of its bright ring, at a distance of only 
18,000 miles from its surface, where its huge globe would 
subtend an angle of about 84^^. 

Since the attraction of gravity upon the surface of Mars is 
only about |ths of its value upon the surface of the Earth, we 
have explained that any inhabitants upon it might well be two- 
and-a-half times as tall as ordinary men ; but we can hardly 
conceive how very huge those would have to be who should be 
suited to the smidlness of the gravity upon these little moons. 
If their diameters are ^th of that of the planet, the attrac- 
tion of gravity upon their surfaces would be ^th of that upon 
the surface of Mars, or about j^th of that upon the Earth, 
supposing their densities to be equal to that of Mars. We 
may, however, remark that their density, and consequently the 
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attraction exercised by them, may possibly be macb less. But, 
taking the above supposition, let us imagine a man of fifteen 
hundred times the height of one of ourselves, and suppose 
such a man to be upon a globe of about twenty miles in cir- 
cumference. He certainly would not be very long in walking 
round it, nor would he wish to have many friends upon it to 
keep him company. 

Altogether we must confess, that these exceedingly minute 
attendants of a planet whose own size is in no wise remarkably 
small are very puzzling and very inexplicable. They may 
perhaps suggest the thought : — Can it be that, just as we find 
a large number of small minor planets in the region between 
Mars and Jupiter in the midst of which we might otherwise 
expect to find one larger planet, so there may be a number of 
little satellites revolving around Mars where otherwise there 
might be a single larger one ? Can it be that there are many 
others so small that our telescopes will never see most of 
them, but will only, by their gradual increase of power, reveal 
to us a few that are not quite so tiny as the rest ? 

Minute as these satellites are, they have, however, already 
done good service in enabling us to weigh the planet Mars 
much more accurately than was possible before their discovery. 
By Kepler's third law (see Lecture V., page 122) it follows, 
that the product of the sum of the masses of Mars and of 
either of its satellites, multiplied by the cube of its distance 
from the planet, must bear exactly the same ratio to the 
product of the sum of the masses of Mars and of the Sun 
multiplied by the cube of their distance apart, as the square of 
the periodic time of that satellite round Mars bears to the 
square of the periodic time of Mars round the Sun. And the 
mass of the satellite is so small in comparison with the other 
quantities involved in this statement, that our ignorance of its 
value does not matter. We may neglect it, and nevertheless 
have an equation, or rule-of-three sum, which will give a verj- 
accurate value of the mass of Mars as a fraction of that of the 
Sun ; in fact, the smaller the mass of the satellite, the less 
error is produced by neglecting it in the course of the calcula- 
tions. The very minuteness of the moons of Mars consequently 
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makes them of all the more use in helping us to weigh the 
planet. The methods employed before their discovery are 
much too complicated for us to explain^ and after most 
laborious investigations still involved considerable uncertainty 
as to the true value. As soon, however, as the rotation- 
period of either of the satellites was known, it only needed a 
very brief calculation in order to obtain a value for the weight 
of Mars. Professor Asaph Hall estimates it to be equal to a 
JljgLjgjth part, and Professor Pritchett to a jj^g^iioth part, of that 
of the Sun. We may feel sure that either of these results is 
very nearly accurate. 

Our space forbids that we should attempt to discuss the 
astronomy of the heavens as it would be seen from Mars, or 
from its satellites. We cannot, however, resist the temptation 
to quote from The Observatory of December 1878 a most 
interesting description (which it was our good fortune to hear 
Mr. Marth narrate at the preceding November meeting of the 
Boyal Astronomical Society) of certain phenomena which may 
from time to time be seen by any possible inhabitants of the 
planet. 

,"0n November 12th, 1879, shortly before two o'clock, 
Greenwich mean time, a small black body would make its 
appearance on the south-following side of the disc of the Sun ; 
in six minutes it would have fully entered upon the disc, and 
would proceed slowly from left to right. About a quarter past 
four o'clock, another and bigger black body would encroach upon 
the disc, and would occupy twenty-one minutes before it had fully 
entered upon it. The two bodies would be the Moon and the 
Earth, and they would be visible from all parts of Mars where 
the Sun was above the horizon. But observers placed upon a 
certain zone, or track, would have the opportunity of seeing a 
third and apparently much bigger body cross the Sun's disc* 
It would come from the right-hand side in a direction at a con- 
siderable slant to the south, and Martial observers would have 
to look sharp to observe all its contacts with the disc, since the 
time for doing so would be limited to some twenty or thirty 
seconds. The third body would be Phobos, the inner satellite* 
Martial astronomers would, however, be much more interested 
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in the transit of the Earth and Moon (across the Sun's disc) 
than in that of Phobos, since, in the course of a Martial year, 
there would be no less than about 1,388 transits of Phobos 
visible from some part or other of the planet, while the number 
of the transits of Deimos would be about 133. On the other 
hand, the transits of the Earth would be rare occurrences, the 
last one having taken place in a«d. 1800, while the next to follow 
would happen in a.d. 1905. About a quarter to ten o'clock, the 
Moon, which in the meanwhile would have drawn nearer to 
the Earth, would quit the Sun's disc, and the last external 
contact of the Earth with the disc would take place at Green- 
wich midnight. But before internal contact, about half-past one 
o'clock, Phobos would again make its appearance upon the 
disc for certain stations, after having meanwhile performed a 
whole revolution round the planet." * 

We must now bid adieu to Mars and its satellites. We 
would fain hope that the various calculations which we have 
placed before our readers, and the attempts which we have made 
to enable them to realize some of the effects resulting from the 
remarkable orbital movements of these bodies, may not have 
been uninteresting. In any case, we feel confident that those 
who have exerted the mental effort necessary to follow them, 
will be rewarded by the greater facility with which they will be 
able to realize the relative movements and the varied pheno- 
mena belonging to those members of the Solar System which 
still remain for our discussion. K so, the somewhat elaborate 
study of the Martial system, to which we have invited their 
attention, will not have been altogether in vain. 

♦ Two or three very slight omissions, op alterations, occur in the above 
quotation. 
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LECTURE XL 

THE MINOR PliANBTS. 

"And is creation not a work of skill 
In its grand outline, in its parts minute, 
That we should mark its movements, trace its laws, 
Observe its fine consenting harmonies?" — Addison. 

A TRAVELLER joumeying round the Sun upon the planet Mars, 
and accustomed to the two little moons whose minuteness 
concealed them from our gaze until the autumn of the year 
1877, which, as explained in our last lecture, will ever be 
memorable for their discovery, would perhaps not be surprised 
to find many other small bodies comparable to them in size 
revolving round the Sun within the orbit of the huge mass of 
Jupiter. A few of them would at times approach him some- 
what closely; others would, at their nearest, be separated from 
him by an interval of 100 or 150 millions of miles. Amongst 
the whole number, some of unusually large bulk would be seen, 
but the volume of the largest would be many hundreds, or 
it may be several thousands, of times less than that of the 
planet from which he would watch them. We wish that we 
could take our readers, by some magic power, across the 
great gap that divides the orbit of the Earth from that of 
Mars, and make them comfortable upon that latter planet, 
while with us they might study the remarkable little members 
of the Sun's family to which we refer. 

But we can only observe them from afar less favourable point 
of view ; the result being that, in some respects, the Minor 
Planets, which is the name by which we shall call them, are 
the most uninteresting of the heavenly bodies. We can never 
hope, even in the most powerful telescope that may be con- 
structed, to detect any physical features of their surfaces, or 
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(except in a few rare instances) even to measure the diameters 
of their discs. Oar knowledge of their individual peculiarities 
and constitution must inevitably be most limited. Never- 
theless, their study is in other respects both important and 
instructive. 

Even if they had no other claim upon our attention, we can 
hardly refuse it, when we remember the startlingly rapid rate 
at which they have of late been discovered. So great has been 
the skill and industry of those who have watched for them, 
that no year has passed since 1846 without at least one new 
one being found ; while the total number known, which at the 
beginning of the year 1847 was 5, is now, in August 1882, 
229. We therefore ask our readers to tarry with us a little, 
before we go on to discuss the wonders of the mighty planet 
Jupiter, or the fascinating rings of Saturn, while we endeavour 
to show that some statistical results involved in the tables of 
the elements of the orbits of the Minor Planets, which may 
at first sight appear to be very uninviting, are really most 
important and suggestive. 

But we ought perhaps to explain, before we make any 
further remarks with regard to these little bodies, why it is 
that we adopt for them the appellation Minor Planets, in 
preference to any other. We do so, because the orbits in 
which they travel round the Sun are not only governed by the 
same laws, but in many other respects are similar to those of 
the larger planets. At any rate, we may confidently say, that 
in no one respect, except in the minuteness of their discs, can 
they be justly described as star-like. The name of Asteroid, 
which has this meaning, and which was originally assigned to 
them, is therefore about as unjustifiable a title as could well be 
selected. 

Another inaccurate way of speaking of them also deserves a 
little preliminary notice. It is often stated that they are a sort 
of swarm, or ring, of small bodies lying between the orbits of 
Mars and Jupiter,* and approximately occupying the place of a 

* See Fig. XXXIII.. p. 118; in which it may also be noticed that the 
appellation " Planetoid *' is used. This, however, is not so appropriate a 
title as " Minor Planet," although much better than ** Asteroid." 
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Planet which seems to be wanted to fill up a gap in that part 
of the Solar System. But this is a very loose way of defining 
the locality of their orbits, although it is no doubt true, that the 
mean distances of the four first discovered are respectively 
2-767, 2-771, 2-67, and 2-36 times the Earth's distance from the 
8mi ; while the so-called law of Bode suggests that a planet 
should revolve at about 2-8 times that distance. 

The inaccuracy to which we refer is, however, at once evident, 
if we notice the immense range of space within which the 
Minor Planets are. found. We cannot too strongly impress 
upon our readers, that, so far as we at present know, it begins 
mthin the orbit of Mars, and extends comparatively near to 
that of Jupiter. The first part of this statement depends upon 
a fact which we pointed out in a lecture delivered in Grbsham 
College, early in 1879 ; and which, so far as we are aware, had 
not at that time been noticed in astronomical text-books, although 
it has since been independently mentioned in a most interesting 
and learned article by M. Niesten published in the Annuaire of 
the Royal Observatory of Brussels for the year 1881.* It is» 
that one of the Minor Planets, viz., ^thra. No. 132, when at its 
nearest distance from the Sun, approaches fully 6,000,000 miles 
Tiearer to it than the maximum distance of the plariet Mars, It 
also happens that ^thra, when in such a position, occupies 
just the same longitude as is occupied by Mars when at its 
furthest from the Sun. At times, therefore, a most re- 
markably close approach, or even a collision, of the two 
might occur, were it not that the orbit of -^thra is greatly 
tilted from the plane of the ecliptic, so that this little 
planet is thereby depressed far below the orbit of Mars, when 
it would otherwise pass very near to it, and even within a 
certain portion of it. 

The fact, however, to which we wish at present to draw 
special attention is that, apart from the many thousands, or it 
may even be millions, of Minor Planets which are not known 
to us, we know of one which, in a portion of its orbit, approaches 

* The above article contains an immense amount of information with 
regard to the Minor Planets, accompanied by tabular statements most 
conveniently arranged for reference. 
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BO near to the San that its distance is considerably less than 
that of the planet Mars when in the same longitude. 

Here then their domain begins. Let ns next see where it 
ends. Upon consulting the tables, we find that there i^ one 
named Hilda^ No. 153, which recedes from the Sun to a 
distance of about 428 millions of miles, while the nearest 
distance of Jupiter is only about 461 millions of miles. If 
Hilda and Jupiter, when at these distances respectively, had 
the same longitude, they might consequently approach one 
another within about 33 millions of miles. But their longitudes 
under these circumstances differ by about 87*^, from which it 
results, that the ellipticity of Jupiter's orbit removes it about 
22 millions of miles ftirther away (or very nearly to its mean 
distance of 484 millions of miles from the Sun), when it is in 
the same longitude in which Hilda's distance is, as above 
stated, 428 millions of miles.* The preceding statements are 
illustrated by Fig. LXI., in which the mean distance of 
Jupiter from the Sun is compared with the greatest distance 
of Hilda ; and the greatest distance of Mars with the nearest 
distance of jEthra. 

Without, therefore, attempting any great accuracy of 
statement, we may justly describe the home of these little 
members of the Sun's family as extending from within the 
v?*bit of Mars comparatively near to that of Jupiter ; or, in 
other words, as embracing a zone of about 280,000,000 
miles in width. At the same time, it must in no wise be 
imagined that the Minor Planets are scattered with any ap- 
proach to uniformity through this wide zone. On the contrary, 
as we shall presently more fully explain, the great majority of 
those with which we are acquainted are located at distances 

* The orbit of Hilda has so great an ellipticity that the opposite portion 
of it approaches nearer to the Sun, and recedes further from that of 
Jupiter, by about 120 millions of miles, the nearest distance of Hilda 
from the Sun being about 308 millions of miles. It should also, of 
course, be remembered, that the closest possible approach of the two 
planets wUl be to some extent dependent upon the inclination or tilt of 
their orbits to one another. This tilt, however, is very moderate, and 
only amounts to about 9°. In an approximate statement it need not 
be considered. 
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which lie between 2^ and 3;^ times the Earth's mean distance 
from the Sun, while a still closer aggregation is found at from 
2^ to 2| times that distance. 

We niust refrain from repeating the often-told story of the first 
discoveiy of any of these bodies, and of the excitement which it 
caused. It may be read in Grant's ** History of Physical Astro^ 
nomy," in Mr. Proctor's *' Poetry of Astronomy," and elsewhere. 
At present we will only state that the first, to which the name of 
Ceres was assigned, was found on January 1st, 1801,— a very easy 
date to remember. Three more, Pallas, Juno, and Vesta, were 
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Fig. LXI,— A comparison of the fo'oatest distance of the Minor Planet Hilda, the nearest 
distance of the Minor Planet ^thra, the greatest distance of Mars/^and the mean 
distances of Jupiter and of the Earth from the Sim. 

respectively discovered in 1 802, 1 804, and 1 807. We may also re- 
mark that these not only claim the honour of being the first four 
detected, but probably owe it to their superiority in size and in 
the consequent brightness of their appearance. No more were 
seen until a fifth, Astreea, was added to the list in 1846. But 
since that date the rate of discovery has been so rapid that at 
the end of 1852 twenty-three had been found. The number 
was increased to fifty in the course of the next five years ; 
while in 1878, 1879, and 1880, the respective additions were 
twelve, twenty, and eight ; the total amounting to 219 at the 
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end of the year 1880. In 1881 only one was found. It is 
rather remarkable that in the first eight months of 1882 the 
rate of discovery has again increased, nine new ones having been 
met with.* The number discovered in 1879, viz., 20, exceeds 
that of any other year; the next greatest being 17 in the 
year 1875. 

The accurate formation of star-charts, embracing all stars 
down to about the twelfth magnitude, has much assisted those 
observers who, as the above numbers show, have so successfully 
searched for these little planets. When in possession of such 
assistance, there is still room for the exercise of much skill and 
perseverance ; but, apart from the necessary delicacy of the 
observations, all that is requisite is, accurately to compare with 
the charts the stars that are seen in any portion of the sky, 
by means of a powerful telescope, and carefully to notice 
any one whose place is not recorded. Tlien, if the star be 
found upon a subsequent night to have changed its position, 
it will follow, that it is not one of those to which the name of 
fixed stars belongs, but that it is really a planet ^ or (to take 
the literal meaning of the word) a wanderer amongst them. 
By further observation it can next be determined whether it is 
a Minor Planet that has already been discovered, or a new one. 
It may be interesting to mention, that those who have per- 
sistently laboured in such a search find, that they meet with 
several which prove to have been already known, for every 
one that is new. 

It is worthy of remark that no Minor Planet has ever been 
discovered without the help of a telescope, although it is just 
possible to see Vesta (the fourth that was found) with the niied 
eye, if it be at its nearest distance from the Earth. At such a 
time the light received from it does not differ much from that 
of a sixth magnitude star. Pallas and Ceres are less bright, 

* Dr. J. Palisa, now of Yienna, has discoyered 8 out of the above- 
mentioned 9, in the first eight months of 1882 ; the only one in 1881 ; 
6 out of 8 in 1880 ; and 10 out of 20 in 1879 ; which, with 13 previous 
discoveries, raises his total to 37. This number has, however, been ex- 
ceeded by Professor C. H. F. Peters, of Clinton (U. S.), who up to the 
end of 1880 had discovered 41. Other discoverers of 10 or more are as 
follows:— Borrelly, 11 {Marseilles)-, Goldschmidt, 14 (Pam and Chdtillon). 
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and fall somewhat below the extreme limits of ordinary vision. 
The light of Juno is weaker still ; while those more recently dis- 
covered have, in general, been increasingly faint This is shown 
in the following statement, viz., — that the average light of the 
first 10 was about the same as that of a star half-way between 
the 8th and 9th magnitudes ; the second 10 came between 
stars of the 9th and 10th magnitudes ; the third 10 between 
the 10th and 11th magnitudes; while the light of the re- 
mainder, nearly 200 in number, approaches that of a 12th 
magnitude star. The gradual decline in brightness has, how- 
ever, of late been very slow. 

In astronomical parlance, the Minor Planets are generally 
denoted by numbers, corresponding with the order of their 
discovery. They have also at present (with the exception of a 
few of those most recently found) been dignified by names ; 
but, if their number continue to increase, it will, we think, 
soon be almost impossible to find suitable appellations for 
many more. A few of the more recently adopted names, such 
as NuwA, Athor, Celuta, Phthia, Kolga, Byblis, Liljsa, 
may indicate that some such difficulty has already been ex- 
perienced. Dr. Palisa, to whom the honour of nearly all the 
most recent discoveries belongs, has suggested that the last 
two of those found in 1880 be called Bianca and Thusnelda. 
It may, perhaps, be of some use to mention that, in reading the 
second volume of Du Chaillu's "Midnight Sun," we have 
found, in page 445, a remarkable list of names of Norse, 
Swedish, and Danish damsels, from which we think appro- 
priate selections may be made.* 

A few curious coincidences and interesting facts in the 

Hind, 10 {London) ; Luther, 20 (Bilk) ; Watson, 22 (Ann Arbor, U.S,y 
and Pekin). It would hardly be of any uae to give a more complete list 
of the Minor Planets and their discoverers without appending the ele- 
ments of their orbits, for which we have not space. Such a list would 
also doubtless very soon become incomplete. For the particulars of 172 we 
may refer our readers to Professor Newcomb's ^^ Popular Astronomy/' The 
latest information may always be found in the ^^ Berliner Astronomisches 
Jahrbuoh," or in the ** Annuaire du Bureau des Longitudes '* (Paris). 

* We append a few as specimens. Ulla, Helga, Hedvig, Yrsa, Elvira, 
Engela, Selma, Disa, Kama, Valborg, Signild, Yra, Astrid, Signe, Ebba. 
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history of these discoveries deserve our notice. For instance, 
it has happened in several cases that the same Minor Planet 
has been discovered by two independent observers ; while on 
one occasion, in 1857, the late M. Goldschmidt found two new 
ones during the same night. And not only (as we have already 
stated) have some, which at first appeared to be new, after a 
while, when more careful calculations have been made, proved 
to have been already known ; * but one really new has for 
several months been thought to be an old one, until watched 
through a considerable portion of its orbit. Such instances as 
these may serve to indicate the difficulty which is involved in 
keeping count of the separate individuals of so numerous a 
family, and in making the elaborate calculations necessarj^ for 
the accurate determination of their orbits. 

But sometimes this difficulty is still further increased. 
This is the case if any orbit is so situated that it undergoes 
special perturbations, owing to the nearness with which the 
Minor Planet moving in it approaches either to Jupiter or to 
Mars ; but especially if it approaches the former planet, whose 
huge bulk causes its perturbing influence to be very great. 
Owing to such effects, as well as to the great decrease in the 
apparent brightness of most of these little travellers as they 
recede from the Earth, which makes it useless for us to attempt 
to observe them except at times when they are not far from 
their nearest possible proximity, it has more than once 
happened that a Minor Planet has been lost for several years. 
In such a case, it may make its nearest approach to the Earth; 
it may then be looked for, but not detected; it may then 
again recede, to undergo, before its next near approach, further 
perturbations of its orbit, which will increase yet more the 
difficulty of its rediscovery. 

We mention this fact because, in one instance, such a loss 
was especially to be regretted. It was that of the planet 
Hilda, No. 153 ; to which we have already referred as the most 
remarkable of all in its comparatively near approach to the 
orbit of Jupiter, and in its mean distance from the Sun, which 

* This was the case with one of two supposed to be new in the year 
1881, 80 that there was after all only one discovered in that year. 
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is greater than that of any other with which we are acquainted. 
After its discovery by Dr. Palisa in 1876, its orbit was calcu- 
lated. But no success attended the many attempts which were 
made to see it again, and it was almost given up as lost; until 
Dr. Palisa himself detected it once more in 1879, at a distance 
of several degrees from its calculated place ; a discrepancy 
which may be chiefly attributed to the perturbing efiFect of 
Jupiter's potent attraction. 

One important element affecting the form of the actual 
path of any Minor Planet, and the planet's own position at 
any given time, is the eccentricity, or the ovalness, by which 
the curve of the path differs from a circle. A carefal inves- 
tigation of the tables to which we have already referred, 
shows, that for about 50 of the orbits the value of the eccen- 
tricity does not exceed that which may be represented by the 
fraction yV^^?* which is only slightly more than in the case of 
the orbit of Mars ; while that of about 100 others, although 
greater, does not exceed |th, which, it may be remembered, is 
about equal to that of the orbit of Mercury. In about five 
instances, however, the measure of the eccentricity exceeds 
^rd ; while in the orbits of Polyhymnia, No. 33, and iEthra, 
No. 132, we meet with the exceedingly large yalues of ^ and 
gj respectively. 

It is important to notice how remarkable are the changes in 
the distance from the Sun of such Minor Planets as these* 
If we take the latter of the two, we find that its greatest 
distance is 334,000,000 miles; its least 150,000,000 miles. The 
difference between them therefore exceeds the least distance 
by considerably more than 30,000,000 miles. Indeed, the 
eccentricity of such an orbit actually amounts to more than 

* See Lecture Y.^ p. 120, where it is explained, that an eooentricity of 
^th causes the distance of the Sun from the centre of the orbit to be ^th 
of its mean radius. In the case of a Minor Planet, moving at a mean dis- 
tance of 250,000,000 miles from the Sun, in an orbit with an eccentricity 
of t^^th, the greatest and least distances would therefore respectively fall 
short of, and exceed, the above value by 25,000,000 miles ; the planet would 
consequently sometimes recede to a distance of 275,000,000 nulee from the 
Sun, and at other times approach within 225,000,000 miles of it ; the 
total change in its distance amounting to 50,000,000 miles. 
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two-thirds of that of the well-known periodic comet named 
Faye's; which goes round the Sun once in every 7^ years, 
and at its Aphelion passes about 45,000^000 miles beyond the 
maximum distance of Jupiter. On the other hand, the path 
of such a Minor Planet as Lomia, No. 117, has an eccentricity 
less than half as large again as that of the Earth's orbit, and 
only about ^th of that of Mercury ; so that its greatest and 
least distances from the Sun, which are respectively about 285 
and 270 millions of miles, differ by only 15,000,000 miles. 

It may be gathered from the preceding remarks that the 
orbits of the Minor Planets are not only in general more 
eccentric than those of the greater planets, but in a few cases 
exceptionally so. 

It is also found that almost exactly the same statement may 
be made with regard to another element of these orbits, which 
has a very important effect upon the actual path in space of 
each Minor Planet We refer to the tilt, or inclination, of the 
plane of the path to the plane of the ecliptic. 

It is known that the inclinations of the orbits of comets 
may be of any magnitude between coincidence with and per- 
pendicularity to that plane ; although those of most of the 
comets of small period lie within comparatively moderate 
limits. But the inclinations of the orbits of all the Major 
Planets to the ecliptic are decidedly small. In no instance 
do they exceed 2^° ; except in that of Venus, for which the 
tilt amounts to about 3f ° ; and in that of Mercury, for which 
the value is larger still, viz., almost exactly 7^. But one of 
the Minor Planets — ^viz. Pallas, the second in order of discovery 
— amoves in an orbit which has the very exceptional inclination 
of 37° to the plane of the ecliptic ; and about one in every 
ten out of the whole number of orbits has a tilt of more 
than 15°. At the same time, it should be noticed, that, for 
about one-half of the whole group of orbits, the tilt is less 
than 7°, and for about ODC-fourth less than 5°; while for eight 
of the least inclined it varies from rather less than J^ to 1°. 

We shall find further on that all these statistics have a 
weighty bearing upon any theory which we may formulate, as to 
the origin, or the past history, or the present usefulness, of this 
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remarkable collection of bodies. Indeed, even though it may 
almost involve the risk of some weariness to our readers, we 
must request them to notice, before we go on to the consider- 
ation of any such hypothesis, a few more facts with which it is 
essential that they should be familiar. 

For instance, it is to be observed that the nearest of the 
Minor Planets in mean distance from the Sun, appears to be 
Medusa, No. 149 ; which revolves, upon an average, at about 
2-13 times the Earth's distance from it, or, in other words, at 
a mean distance of about 198,000,000 miles. It should also b< 
remembered that it is the very oval form of the orbit of -SJthra 
No. 132, that brings it (as we have previously stated) much 
nearer to the Sun than this in one part of its course, viz., within 
about 150,000,000 miles, although its mean distance is some 
44,000,000 miles greater than that of Medusa.* 

On the contrary, it must not be forgotten that the very 
nearest approach of Hilda, No. 153, still leaves it about 
308,000,000 miles from the Sun, or considerably more than 
three times as far away as the Earth. The nearest distance 
of several others is also very nearly three times that of the 
Earth, or about 280,000,000 miles ; whereas some, such as 
Harmonia, No. 40, when at their furthest distances, are not 
more than from 220,000,000 to 230,000,000 miles away. 

These two last statements deserve very careful attention. 
They involve the important fact that the furthest distance of 
certain Minor Planets is from 50 to 70 millions o£ mUes leas 
than the nearest distance of others. 

Again, it may be well to remark that -^thra, which ap- 
proaches the nearest of all to the Sun, is not that which may 

* The orbits of these, as also of several others, including that of Hilda, 
which are especially interesting, are accorately represented in Fig. LXIII., 
p. 290. In such a diagram it is of course impossible adequately to indi- 
cate the tilt of the orbits. The portion of each, which lies below the 
plane of the ecliptic (which is taken as the plane of the paper), is, how- 
ever, dotted ; the other half, drawn in unbroken line, is supposed to be 
above the same plane. It may therefore be seen in the diagram, that, 
when the distance of ^thra from the Sun is less than that of Mars, the 
orbits of these two planets are upon opposite sides of the ecliptic, as we 
mentioned in page 267 of this lecture. 



Digitized by 



Google 



276 THE MINOR PLANETS. 

approach most closely to the Earth, owing to the great 
inclination of its orbit to the ecliptic, which, amounting to 25°, 
depresses it, when it is at its nearest to the Sun, so far away 
from the plane of the Earth's orbit, that it never comes nearer to 
the Earth than within about 75^ millions of miles. Otherwise, 
the nearest distance of jEthiti from the Sun being 150,000,000 
miles, while the Earth's mean distance is 93,000,000, it 
would have been possible for ^thra and the Earth, had the 
planes of their orbits been the same, to have approached 
within the difference of these two distances, i.e., within about 
57 millions of miles. As it is, another Minor Planet, named 
Clio, No. 84, whose nearest distance from the Sun is about 17^ 
millions of miles greater than that of jEthra, is the one that can 
approach the nearest to the Earth, viz., within a distance of a 
little more than 74,000,000 miles, or about 1^ millions of miles 
nearer than iEthra.* 

The periods of the Minor Planets in their orbits, or, to 
speak more familiarly, their years, vary from rather under 
1140 to nearly 2900 of our days; or from 3 years 43 days to 
7 years 313 days of terrestrial time. Several pairs may be 
selected in which the difference of period is very slight, only 
amounting to a few hours, or to half a day ; while the above 
numbers show that the length of the year for some is much 
more than double what it is for others. Hilda, No. 153, no 
longer retains without rivalry its pre-eminently long period of 
nearly eight of our years. Another, named Irene, No. 190, 
which was discovered by Professor Peters, in September 1878, 
is found to make a longer journey than was at first supposed, 
so that its year, according to present calculations, only fieJlB 
short of that of Hilda by six days. 

It seems that Medusa, No. 149, may claim the distinction of 
having the shortest period, viz., 1139 days, or less than 3^ 
terrestrial years. 

It is probable that some exceedingly interesting results, 
depending upon the mathematical theory of mutual pertur- 
bations, may arise in the case of those whose periods are very 
nearly integral multiples of one another. This may likewise 
* See an interestiiig paragraph in Nature, June 27th, 1878. 
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be the case when certain parts of the actaal orbits approach 
very closely, if the corresponding Minor Planets should happen 
to be in those parts at the same time. M. Niesten points oat 
instances of the latter kind in the orbits of Fortona^ No. 19, and 
Metis, No. 9; which approach nearer than those of the Earth 
and the Moon. He also mentions that those of Juno, No. 3, 
and Clotho, No. 97, come within about 621 miles, but are not 
quite in the same plane ; while in Fides, No. 37, and Mala^ 
No. 66 ; as also in Alexandra, No. d4, and Lumen, No. 141, 
we have pairs of Minor Planets, which revolve respectively 
very nearly in the same plane, and in orbits of the same size 
and shape. 

As regards the actual size, even of the largest of the Minor 
Planets, it is very difficult to form any satisfactory estimate. 
The images formed in some of the telescopes with which 
several of them were at first studied, seem to have been so far 
vague or indistinct, under the high magnifying powers used, 
as occasionally to suggest the existence of nebulous atmo- 
spheres surrounding them, or some deviation from a globular 
flhape ; and certainly were not sufficiently distinct to enable 
any reliable measures to be made of their apparent diameters. 
Vesta, No. 4, is undoubtedly the brightest, and therefore in 
all probability the largest. If, as Madler, one of the earlier ob- 
servers, supposed, its diameter be as great as 300 miles, its 
surface would be equal to about y^th of that of the Earth, or 
about -j^th of that of Europe. 

In 1867, Mr. Stone, by carefully comparing the amount of 
light received from a considerable number of the Minor 
Planets,* came to the conclusion that Vesta and Ceres (if 
their surfaces be supposed to possess an equal capacity for 
reflecting light) are most probably nearly of the same diameter ; 
while, upon the same supposition, he found the probable value 
of that of Juno to be only about ^ths as great, and that of 
many others to be very much smaller; with the exception of 
that of Pallas, the size of which appeared to him to lie between 
those of Ceres and Juuo, but nearer to the former than to 
the latter. 

* See Monthly Notices of Royal Astronomical Society, voL xxvii., p. 302. 

uigiTizea oy >_j v,/ vy p^ Lv^ 



278 THE MINOR PLANETS. 

We believe that some attempted measurements of the discs 
of Vesta and Ceres, by Sir W. Herschel and others, have 
indicated for them a possible diameter of about 200 miles. If 
this value be accepted, that of Juno, according to Mr. Stone's 
calculations, would be about 120 miles. Nevertheless, Mr. 
Lassell, in the jear 1856, with a magnifpng of 1018 upon his 
reflecting telescope of two feet in diameter, at Starfield, 
Liverpool, was unable to detect any signs of a disc in Juno. 

Argelander and some others have also paid attention to this 
subject ; and, more recently. Professor Pickering, of the Harvard 
College Observatory, Cambridge, U.S., whose investigations in 
photometry are well known to be of the highest importance. 
He has assigned a somewhat greater preponderance of size to 
Vesta ; and has estimated that the diameter of Pallas is only 
about one-half, and that of Juno less than one-third, of that of 
Vesta. But his observations still leave it probable that the 
diameter of Vesta cannot much, if at all, exceed 300 miles.* 

There are many of these little bodies which are most likely 
smaller than such terrestrial islands as the Isle of Wight, 
or the Isle of Man. The title of Minora or Leaser, Planets 
by which we have elected to call them is therefore undoubtedly 
a very suitable one. If we take into account the huge scale 
of celestial measurements, we might almost term them, with 
some French astronomers, celestial dtist ; were it not that, in 
shooting stars and meteoric fragments, we have a dust much 
finer still. 

It may be interesting to mention that the light of Vesta 
and Pallas appears to be of a yellowish tinge, while that of 
Juno and Ceres is slightly reddish. M. Vogel also states that, 
although some of the older observations indicating nebu- 
lous surroundings belonging to the larger ones have not been 
subsequently confirmed, the light of Vesta and Flora, when 
passed through a spectro8COi>e, exhibits bands which suggest 
the existence of atmospheric vapours. 

* Measures made not long since by Professor Millosevich at Palermo 
give to the diameter of Vesta a value only less by one-sixteenth part than 
that of Madler; while Professor Tacchini makes the value nearly one- 
third greater than Madler* 
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The intrinsic brightness of some of the larger Minor Planets 
appears to vary. This may be a result of their rotation upon 
their axes, which may periodically turn portions of their 
surfaces of diflferent reflective power towards us ; or it may 
arise from temporary changes in the vapours of a cloud-laden 
atmosphere. Decided variability has been suspected in the 
light of Frigga, No. 77 ; as well as in some which are amongst 
the largest in the group.* 

It is, however, much more important to consider what may 
be the total mass or weight of these bodies collectively, than 
to estimate that of any individual one. And from this point 
of view we may ask ; — Is it possible that they may, by their 
united attraction, perturb the movements of Mars and Jupiter, 
although individually their influence may be quite inappre- 
ciable ? If so, such a result would be of the highest interest. 

But, if we assume for them, upon an average, a diameter 
of 80 miles (which is most probably very considerably in 
excess of the truth), the volume of any one will clearly fiall 
short of that of the Earth by the cube of the number 100 ; the 
Earth's diameter being 100 times 80 miles, and the volumes of 
spheres varying as the cubes of their diameters. It would 
consequently take 1,000,000 of such Minor Planets to form 
a globe as large as the Earth; and the 229 already dis- 
covered would only form a planet of about ^^nr^^ ^^ ^^^ s^z^* 
Moreover, unless they are composed of meteoric iron, or of 
some other metallic substances, it is hardly likely that their 
constituent materials are so densely pressed together, as in the 
Earth's larger globe. In that case their average density would 
be much less, and the united weight of the 229 would fall 
considerably short even of the ^iW^^ P*-^^ ^^ the weight of 
the Earth. It is therefore in no wise surprising that no 
perturbations produced by their action have as yet been 
detected in the movements of Jupiter and Mars. 

We understand that Le Verrier has shown that an amount of 
matter of a weight equal to one-fourth of that of the Earth may 
possibly exist in the space between Mars and Jupiter. If so, 

• See Asironomische Nachrichten, No. 2314; quoted in the Observatory 
for August, 1880, p. 518. 
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snpposing their average diameter to be as we have soggestedy 
and their density the same as that of the Earth, the actual 
number of the Minor Planets may be 1,100 times as great as 
229 ; i.e.f it may exceed 250,000. But if they are for the 
most part far smaller than those which we have been able to 
see ; — ^in fact, so small that they will ever remain invisible even 
in our largest telescopes ; — and not only so, but also of lighter 
density than we have supposed, it is by no means impossible 
that they may amount to several millions in number. 

In a recent communication to the Vienna Academy, Herr 
Homstein has stated some reasons for believing that the 
diameter of most of those discovered of late years lies between 
5 and 15 miles ; and that, by an increase of telescopic power, 
we may probably detect many additional ones of this size in 
the outer parts of the zone in which they are found. At the 
same time, he thinks that the great migority of those in 
existence, whose orbits lie nearer to that of Mars than to 
that of Jupiter, have already been detected ; and that there 
are not many in that region, of still smaller size, which 
increased instrumental means would show. 

In quoting these various statistics, we have endeavoured, in 
accordance with our previously stated intention, to select, out 
of the mass of figures that lies before us, such as are both 
important in themselves, and may also be useful in our discus- 
sion of the question to which we now proceed; viz., — What is 
the probable origin of this remarkable group of bodies ? 

It is true that in some rcfspects we know but little about 
them ; but we find that they are to be numbered by hundreds, 
if not by thousands, or even by millions. One is found to come 
6,000,000 miles within the orbit of Mars ; another travels 
to a distance from the Sun which is equal to about ^iths of 
the mean distance of the mighty planet Jupiter. With few 
exceptions they are exceedingly small. Their orbits for the 
most part are of moderate eccentricity, and of moderate 
inclination to the plane of the ecliptic; but they occasionally 
exhibit an unusually erratic form and position. We certainly 
are not justified in speaking of these minor members of the 
Sun's family as a rinff of planets. They may, so far as we 
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know at present, be rather likened to the scattering of a few 
grains of dust between two spherical shells, the inner one of 
which is about 150, the outer about 430, millions of miles in 
radius. 

If the above facts are duly weighed, we think it can hardly 
seem to be probable that the Minor Planets, as was once sug- 
gested, are the fragments of some globe of considerable size, 
which originally moved at about the mean of their various 
distances from the Sun, and by some fearful catastrophe 
exploded or was smashed into pieces. And yet we cannot 
at once say that such a supposition is imi)0ssible. We shall, 
however, endeavour to show that recent investigations have 
almost entirely destroyed the temporary favour with which 
it was at one time received. 

It is, we must allow, a very remarkable feict that the mean dis- 
tances from the Sun of the three Minor Planets first discovered 
(which are also undoubtedly three of the largest), all agree, 
as we have previously mentioned, very closely indeed with that 
at which Bode's so-called law indicated that a planet might 
probably be found ; while that of Vesta, the fourth in order 
of discovery, differs but little from a similar value. And not 
only so, but it is almost equally remarkable that the paths 
of these four are found nearly to pass through two opposite 
positions in longitude in the heavens, the one in the north- 
west of the constellation of the Virgin, the other in the west 
of that of the Whale. This is just what the fragments of an 
exploded jJanet would do, and for the following reason : — 

If, from a jtoint at any given distance from the Sun, a body 
be supposed to be started in 8]>ace in any direction whatever, 
it may be shown, by mathematical investigations, that the 
effect of the Sun's attraction will bend the path of the body 
out of the straight line in which it would otherwise proceed, 
into one of those curves which, owing to their being produced 
by the intersection of a cone with a plane cutting it in certain 
well-known directions, are termed conic sections. 

If the initial velocity of the body be exactly efiual to a 
certain value, the path will be a parabola ; if it be less, it will 
be an ellipse ; the ellipse under certain conditions having its 
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two prmci])al diameters eqnal, in which case it becomes a 
circle. If the velocity exceed the above value, the path will 
be a hyi^erbola. The fonn of these three curves is shown in 
the accompanying diagram^ Fig. LXII. ; the ellipse being a 
closed curve ; while the other two extend to an infiuite dis- 
tance, on either side, beyond the portion which is drawn. 

It follows, from the forms of the above curves, that, if the 
body of which we are speaking move in a parabola or ia 
a hyperbola, it will, according as its motion begins by being 
away from, or towards the Sun, either without delay proceed 
further and further from it ; or else it will gradually approach 
it, and, after once sweeping round it, pass away never to 




Fig. LXn.— Showing the forms respectively of a Parabola, an Ellipse, and a Hyperbola. 

return ; which is believed to be actually the case with some 
comets whose orbits are hyperbolic or parabolic in form. 

But, if a planet had exploded, it is more probable that the 
velocities of the great majority of the fragments, inmiediately 
after the explosion, would be such as not to exceed the limit 
which would i)ermit them thenceforward to move in ellipses. 
These velocities would be compounded of that which the planet 
possessed at the moment in question, and of those generated 
by the explosion itself ; and it is difficult to conceive of an 
explosion so violent, that the resulting velocity of any fragment 
would differ so much from the original velocity of the planet, 
as to cause its future path to be a hyperbola or a parabola. 

We will therefore assume that such fragments would proceed 
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to move in ellipses round the Son as a focos. Bat we most 
remember that these ellipses might be in many different 
planes, and of varions degrees of ovalness, according as the 
velocity generated in any fragment by the explosion might be 
in, or greatly inclin'ed to, the original plane of the planet's 
motion; and according as it might be in such a direction 
as to make the resulting velocity greater or less than that 
possessed ty the planet. 

For instance, some fragments might be projected exactly in 
the direction of the planet's previous motion. The whole of 
the additional velocity communicated to them by the explo- 
sion, would in that case be added to the velocity of the planet. 
Others projected in other directions would have resulting 
velocities of less magnitude. The velocities which would be 
the least would be those of fragments projected exactly back- 
wards. 

But if, as is probable, the velocity given to every individual 
fragment by the explosion were much less than that of the 
planet in its orbit, all would afterwards move in their various 
paths in the %ame direction round the Sun. The only effect of 
a different velocity and direction in starting would be seen in 
the differing size, and ovalness, and inclination of the ellipses 
described. There would also of course be involved a correspond- 
ing difference in each one's period of rotation round the Sun.* 

But there are two other facts connected with such a series 
of orbits which are deserving of special attention. The one is, 
that, notwithstanding the different durafcions of their periodic 
times in their orbits, the various fragments, as each one's orbital 
period might be completed, would return to, and pass through, 
the same point from which they all started on the occur- 
rence of the explosion. The other is, that, moving as they all 
would in planes passing through that point and the Sun, they 
would also, once in each revolution^ pass through some point, 
upon the opposite side of the Sun, which would lie in the pro^ 
longation of the straight line joining the point of explosion with 

* The above statements depend upon Kepler's three laws (see Lecture V., 
p. 121), and are fully proved in treatises upon dynamics, in which the 
motion of bodies under the action of a central force is discussed. 
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the Sun, They would, of course, pass at different distances 
beyond the Sun, and at different epochs of time ; but, to an 
observer jilaced at the point of explosion, or directly between it 
and the Sun, the points of which we speak would all apparently 
lie in one straight line, and the fragments would consequently 
ap])ear to pass, once in each revolution, through the point in 
which the direction of that line would intersect the celestial 
sphere. This is otherwise expressed by saying that they at 
such times would have the same celestial longitude. 

Now it is exceedingly remarkable, as we have mentioned, 
that the above two conditions were approximately satisfied by 
the orbits of the four Minor Planets first discovered ; in fiwjt, 
the third, Juno, and the fourth, Vesta, were actually found, the 
one in the constellation of the Whale, and the other in that of 
the Virgin, as the result of a search made in those two opposite 
parts of the heavens, the advisability of which was suggested, 
according to the principle which we have just explained, by a 
comparison of the orbits of the first two. 

The hypothesis put forward by Olbers, who at the beginning 
of the present century was most active and interested in the 
search for these bodies, — ^viz., that they might be the frag- 
ments of an exploded planet, — was therefore received with much 
attention, and apparently supi)orted by the above discoveries. 

But, as time has gone on, it has been proved that the orbits 
of very many, instead of continuing to pass near to any one 
point of the heavens, and through a longitude exactly opposite 
to it, are so separated, that the nearest distance of some is 
(as we have stated) from 50 to 70 millions of miles greater 
than the farthest distance of others ; while the ovalness, and 
the positions of the planes, of the orbits, vary within very 
wide limits. It has also been found, as we hope our readers 
by this time remember, that the Minor Planets are spread over 
a region not much less than 300,000,000 miles in width. The 
hypothesis suggested by Olbers has consequently been given 
up by all, or nearly all, astronomers of note. It is no doubt 
true that, if the orbits had at first been such as we have 
described, their mutual perturbations would have gradually 
changed them ; but the change would have been in itself so 
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slow, and the amount of change to be produced so great, that, 
even if it be considered theoretically possible for them to have 
thus attained their present positions, an interval long beyond 
all reasonable belief, or almost beyond imagination, would have 
been necessary for the purpose. 

In fact, the differences existing between the various orbits 
are practically sufficient to forbid our supposing that any con- 
ceivable series of perturbations could have sufficed to generate 
them. At the same time we must allow that it is quite im- 
possible, owing to the number of bodies involved, and the 
extreme complication of the problem, to work backwards, so as 
absolutely to determine whether the necessary conditions could 
ever have existed. An attempt to do so approximately was, 
however, some time since made by Encke, in the case of a few 
selected orbits, the result of which, so far as it went, tended to 
negative the supposition. 

We may therefore say, that the orbits of \\iQ first four Minor 
Planets undoubtedly supported, to some extent, the hypothesis 
that their origin might have been due to the explosion of a 
larger orb. But the orbits of those which have since been dis- 
covered in such large numbers, and the great differences found 
to exist between very many of them, have well nigh given the 
above-mentioned theory its final death-blow. 

We have already stated our reasons for believing that the 
aggregate mass, or bulk, of the Minor Planets is, comparatively 
speaking, very small. This is, we think, another argument 
against the hypothesis of Olbers. So far as we can judge, any 
planet, by the explosion of which they might have been formed, 
would have been of so insignificant a size as hardly to be 
worthy of comparison with the other members of the planetary 
fejnily; unless we imagine an explosion to have occurred so 
terrific as to have almost entirely dissipated it into dust, or into 
millions of fragments far too small for our observation ; or that, 
by some fearfdl catastrophe, the greater portion of it was con- 
verted into gas, so that it disappeared from view, as a nebula, 
or sjs a series of nebulae too faint to be seen. Nothing, however, 
with which we are acquainted in the physics of the Earth, or 
of which we see traces in the Moon, in any wise suggests the 
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possibility of the action of any explosive force of so tremendous 
a character. Oar previous arguments (see Lecture IX., p. 219) 
against the existence of a thin crust covering a seething mass 
of central fire in the case of the Earth, may also militate to 
some extent against the theory of the explosion of a hypo- 
thetical planet. 

We cannot afford space to discuss at any length the pos- 
sibility of such a supposed planet having been broken up by 
violent collision with some other heavenly body. If such a 
"body were of suitable size, and the collision sufficiently violent, 
it is quite conceivable that the heat generated might have 
almost entirely converted both it and the planet into gas, and 
have only left a comparatively small number of fragments in a 
solid form. But, if we assume the existence of such a hypo- 
thetical planet, it is very difficult to conceive where the other 
body should have come from, unless perchance it were a comet 
with an unprecedentedly large and solid nucleus. Moreover, 
the same conclusions as before would follow, as to the sub- 
sequent passages of all the fragments, from time to time, 
through the point where the collision occurred, and through an 
•opposite direction in longitude ; and a similar difficulty would 
be involved in the fact that this is not the case. 

We therefore consider it to be a much more reasonable 
supposition (as we shall more fully explain a little further 
on) that, at some long past epoch, when the matter of the 
Solar System may have been gradually aggregating from a 
nebulous, or partly vaporous, condition to form the various 
planets which now circle round the Sun, a vast quantity of 
matter was in a long course of ages collected from the 
neighbouring regions of space into the huge bulk of Jupiter, 
while a comparatively small amount was left between the orbits 
of Jupiter and Mars, which only sufficed to generate a number 
of much smaller bodies. 

If 80, such bodies may have been at first even more minute 
than they are at present, and, by collision and mutual attraction, 
lave gradually become fewer and larger. And such collisions, 
and the consequent fusing together of two or more, may still 
occasionally occur, although they must be exceedingly rare 
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amongst those with which we are acqiiaintw^^^ttp/tan^^ 
paucity of their numbers compared with the ^^6«w-aU&r 
space through which tliey are scattered. But if there really 
be millions too small for us to detect, such aggregation may 
still be going on with greater frequency. 

It will, however, be noticed, that we have not, thus far, 
in suggesting such an origin for these bodies, in any wise 
accounted for the exceptional inclination of a considerable 
number of their orbits to the plane of the ecliptic. And we 
may take this opportunity to remark that these inclinatiouR 
involve a special difficulty in connection with the process by 
which the planets are supposed to have been formed, in the 
gradual development of the Solar System according to Laplace's 
Nebular Hypothesis. He imagined that the various planets 
were originated by rings thrown oflF from the equatoreal parts 
of a nebula, while it was rapidly revolving round a polar axis. 
But if such a ring, containing less matter than usual, had been 
thus cast off, and had gradually formed the Minor Planets, 
we should have expected to find them all revolving in planes 
inclined at no great angle to that of the ecliptic, as is the case 
with all the other planets. 

The considerable inclination of many of their orbits, therefore, 
leads us to one of two supi)Ositions. It may be, according to 
a modification of the Nebular Hypothesis which has been 
suggested, that the successive i)ortion8 of the original nebula 
were separated, not as equatoreal rings, but as spheroidal 
envelopes, which in most cases, after a while, gradually ran 
down (if we may be allowed to use the expression), through 
the descent of their polar regions towards their equators, into 
the form of rings, by the breaking up and aggregation of which 
the planets were formed. Upon this supposition, it may 
perhaps have been possible for a considerable number of the 
Minor Planets to have been generated in various latitudes of 
such an envelope, before it degenerated into the form of a 
ring, the result of which, in some way not very easy to 
conceive, might be that they would finally move in widely 
differing planes. 

Or, on the other hand, we may imagine, that, during the 
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whole i)eriod of the coutraction of the Nebula, from which^ 
according to the hypothesis of Laplace, our system may 
have originated, a ven^ large amount of meteoric matter 
existed in its midst, or in the regions through which it was 
travelling, and that the aggregation of such matter had much 
to do with the formation of the various planets. It is well 
known that a considerable quantity of meteoric matter is still 
scattered throughout the Solar System ; but in ages long past 
it was probably much more abundant. 

In those times long ago, may it not be, that comparatively 
little of such matter as lay within the orbit of Mars e8cai)ed 
the i)Owerful attraction of the Sun, and that what did so escape 
remained in an especially fine state of division ? If so, we 
can understand why it is that such meteorites as are con- 
stantly i)assing through the Earth's atmosphere, and falling 
upon its surface in the form of shooting stars, are exceed- 
ingly minute in size. 

But to proceed with our explanation of this hypothesis. It 
may also be sui)posed, that the neighbourhood of the larger 
l)lanets, and es])ecially that of Jupiter and Saturn, at a distance 
where the attraction of the central mass of the Sun would 
have a greatly diminished effect, has supplied a great quantity 
of such matter towards the formation of their globes. At the 
same time we may conceive, that, at a distance from the Sun 
lying between about 150,000,000 and 400,000,000 miles, 
meteoric masses, somewhat larger in size than those which 
exist nearer to it, might still remain in their pristine orbits, 
the inclinations of which orbits might in some cases be very 
considerable. Tliese may be really the bodies to which we 
give the name of Minor Planets. The Minor Planets, upon 
this supi>08ition, may perhaps be considered the best examples 
extant of the original condition of some of the primeval matter 
of the Solar System. 

This same hypothesis, which, however, we must confess is 
devoid of any certain evidence, also suggests that, in the vast 
spaces between the orbits of Jupiter and Saturn, of Saturn 
and Uranus, of Uranus and Ne^^tune, — spaces so vast that the 
attractions of their great globes would, owing to the eflFect of 
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distance, lose much of their aggregating power, — there may be 
m]rriads upon myriads of Minor Planets having a similar origin, 
and of a considerably larger bulk than those which we have 
discossed in this lecture, but all invisible owing to their great 
distance from us. If so, great as are the wonders which we 
see in the system of which we form a part, and numerous as are 
the little planets which we have discovered, there may belong 
to it wonders still greater, and planets still more numerous, yet 
unseen. 

Let the origin of these minor members of the Sun's family 
be what it may, there is good evidence that the attraction of 
Jupiter has, in certain cases, remarkably perturbed their orbits 
in the course of long, long ages, and in an especially interesting 
manner. It can be shown, by mathematical investigations 
hardly suitable for explanation here, that a Minor Planet 
moving at such a distance from the Sun, that a certain whole 
number of its periods would be equal, or almost exactly equal, 
to an integral number of those of Jupiter, would periodically 
come into such a position, that Jupiter's perturbing effect would 
be repeated upon it^ again and again, in a very similar manner. 
Its orbit would consequently be so disturbed as to be quite 
changed in its period, eccentricity, and distance from the Sun. 
It would no longer be found where it originally was ; or, 
possibly, the planet might be brought into collision and union 
with some other which it would not otherwise have approached. 
In either case, gaps would be formed in the series at such 
distances as would correspond to such periodic times. Such 
a process would doubtless have been most effective, if it be 
supposed to have occurred while the Minor Planets were being 
gradually formed out of nebulous or meteoric matter; in fact, 
while they were much more numerous and smaller than they 
probably are at present. 

Professor Daniel Kirkwood was, we believe, the first to notice 
(when not much more than one-third of the present number 
were known) that such gaps in the series actually existed ; and 
M. Niesten, in his recent article in the Annuaire of the Obser- 
vatory of Brussels for 1881, has shown that the same fact 
still holds good, especially at distances equal to 2^ and 3^ 
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times the Earth's distance firom the Snn ; distances snch that 
they would respectively involve periods which, in the one case, 
wonld be equal to one-third of that of Jupiter, and in the other 
case to one-half of that of Jupiter. 
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Scale showizig tiie diiferibation of 216 Minor Slaziets acoordiiiff to their mean 
tlie Bun. The soale eztexids from twice to four times (he Earth's mean distance. 

This is indicated by the scale and the dots which accomiDany 
it in Fig. LXIIL, which is, by M. Niesten's very kind per- 
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missioiiy copied (and at the same time reduced) from one pub- 
lished in his article. The scale is intended to represent mean 
distances varying from two to four times that of the Earth.: 
The number of Minor Planets known in August 1880, whose 
orbits correspond to the various distances lying between these* 
limits, is indicated by the small dots which are seen on the 
left of the scale. The gaps at 2-50 (or 2^), and 3-25 (or ^), 
as well as another at about 2^ times the Earth's distance, are * 
especially evident ; while some others not quite so decided may 
be noticed, a little short of, and a little beyond, three times the 
same distance. 

It is a very interesting confirmation of the above hypothesis 
as to the influence of Jupiter in the production of these gaps 
in the series of Minor Planets, that the principal divisions in 
the rings of Saturn, as we shall show in Lecture XIV., cor- 
respond to those distances from the planet at which the minute 
satellites (by myriads of which the rings are probably consti- 
tuted) would be in like manner affected by the commensurabiliiy 
of their periods with those of some of the nearer of Saturn's 
moons ; while other smaller gaps caused by these, or by some 
of the other moons, seem on rare occasions to be faintly 
visible in the indications which have been noticed of additional 
concentric divisions in the rings. 

After all we may ask : — Are the Minor Planets to be looked 
upon as useless, or nearly useless, members of our system ? 
Certainly not 1 If our space permitted, we might discuss 
several important benefits already derived from them. 

For instance, we showed in Lecture L, page 18, with reference 
to the determination of the Sun's distance, that the accuracy 
with which the minuteness of their star-like discs enables us to 
measure their apparent distances from neighbouring stars, may 
be of great advantage if we use such of their number as 
approach the nearest to the Earth, for observations of the same 
kind as those which Mr. Gill made of the planet Mars in 1877, 
in the Isle of Ascension. The minor planet -^Ethra might have 
been so used in February of last year (see Nature, Feb. 24th, 
1881), when it was only about 78,000,000 miles from the Earth. 
In the present year, 1882, on August 24th, Victoria, No. 12, 
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will be only 83,000,000 miles ; and on September 24th, Sappho, 
No. 80, will be only 79,000,000 miles, from the Earth. The 
method to be used for the above purpose in the present year, 
will, hoTfrever, be that explained upon page 15, which, in its 
practical application, involves the comparison of observations 
made at observatories as far apart as possible to the north and 
south of the Equator. It is not in itself so good a method as 
that employed in the Isle of Ascension in the case of Mars 
(which is called the method of diurnal parallax^ see Lecture I.^ 
pp. 16, 17), but it will be the most suitable upon the present 
occasion, unless a special expedition were undertaken to such 
a locality as the other method would require. We believe 
that a considerable number of observatories in both hemi- 
spheres of the Earth will co-operate in the endeavour to 
obtain the best result ix)ssible from these favourable positions 
of Victoria and Sappho. 

In the year 1874, the method of diurnal parallax, involving 
morning and evening observations firom one and the same 
observatory, was applied in a short series, made at Mauritius, 
to the Minor Planet, Juno, which we have frequently men- 
tioned as the third in order of discovery, and probably the 
fourth in order of magnitude. The result was a very fairly 
satisfactory estimate of about 93,000,000 miles for the Earth's 
distance from the Sun. This value is especially interesting 
from its close accordance with that obtained by the use of the 
same method in Mr. Gill's observations of Mars. ■ 

Once more, the Minor Planets which pass comparatively near 
to Jupiter enable us, by the perturbations which their move- 
ments undergo, to measure the weight of that great planet with 
considerable accuracy, and confirm the value calculated by 
various other processes. 

We also hope that this lecture has shown that the con- 
tinued observation and study of the Minor Planets may in 
time be found to be fraught with much instruction with 
respect to the past history of the Solar System. In any ease, 
we may say that, the more exceptional their character, the more 
unlike they are to the other planets in size, in orbit, in num- 
ber, the more do they deserve our most careftd attention. 
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We venture, in conclusion, to mention one other point which 
we originally discussed in a lecture delivered in the year 1878 
at Gresham College, and to which we have already made a 
slight allusion in the tenth of this series of lectures, viz., the 
possibility that, as at least one of these bodies is known to 
come some 5,000,000 miles nearer to the Sun than the maxi- 
mum distance of Mars, the satellites of Mars recently dis- 
covered may really be two Minor Planets picked up by it, and 
permanently mastered by its attraction. 

We suggested that, if such a Minor Planet were at any given 
moment in a certain position in its orbit, and if Mars at the 
same time passed very nearly through the same spot, and with 
almost exactly the same velocity (which is quite possible), it is 
conceivable that the Minor Planet might thenceforth become 
its satellite. More recently, however, it has occurred to us 
that the remarkable ratio which exists between the periods 6f ' 
the two satellites (the one being almost exactly four times 
that of the other), when compared with the similar almost 
exact integral •multiplication of the periods of the innermost 
satellite, which we find in the case of those of Jupiter, and also 
to some extent in those of Saturn, seems to point to some 
conmion process in the formation of all these satellites, and 
to their having been in each instance in some way cast off 
from the primary to which they belong. We must, however, 
refrain from any further indulgence in such s])eculations as 
these. They may be fascinating, but they may for that very 
reason be conducive to error. 

Here then we must leave the Minor Planets, with the hope, 
that our arguments against the hypothesis of their origin 
in an explosion of a larger planet may, at any rate, have 
sufficed to afford some consolation to those who might other- 
wise, with a sort of analogical fear, be nervously looking 
for a similar occurrence in the case of the Earth. Whatever 
the ultimate destiny of this world may be, we do not expect 
that it will be broken up into a swarm of Minor Planets. 
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LECTURE XII. 

THE PLANET JUPITER. 

" O telescope, instrument of much knowledge, more precious than anj- sceptre I 
is not he who holds thee in his hand made king and lord of the works of (rod ? 
"All that is overhead, the mighty orbs, 
With all their motions, thou dost subjugate 
To man's intelligence." — Kepler (translated by J5. S. Carlo*), 

About sixty millions of miles beyond the outer boundary of 
the vast region in which, as we have seen, the tiny Minor 
Planets are sparsely scattered, we come to the orbit of the 
huge planet Jupiter. Well may it be called huge, for its 
apparent volume, although about a thousand times less than 
that of the Sun, is nearly 1,300 times greater than that of the 
Earth. 

The real volume of the planet Jupiter is also doubtless 
very large. But whether its real volume is nearly the same as 
its apparent volume, or very much smaller, we cannot say. 
We have many reasons for believing that the boundary of the 
globe which we see may be no true boundary of the body of 
the planet ; that what we behold may very likely be only some 
vast and cloudy envelope, lying like a fog upon a central solid 
ball, or separated from it by a considerable interval in the 
same way that the clouds of the Earth's atmosphere are in 
general raised above its surface. Or it may be that the con- 
stitution of Jupiter more or less closely resembles that which 
many astronomers think to be the most probable condition of 
the Sun ; that the planet possesses no solid nucleus at all, 
but is wholly fluid or viscous, and perpetually permeated by 
tremendous currents of gas. 

To this last supposition, however, one objection may be urged 
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which does not apply to the case of the Sua. If we consider 
the vast pressures which must exist within Jupiter as a con- 
sequence of its mighty bulk, it would seem that, in order to 
prevent it from solidifying, it would need to be pervaded by 
such a high degree of temperature that it would shine with an 
intrinsic brightness comparable with that of the Sun. But 
careful estimations of the amount of light received from it do 
not indicate the existence of any exceedingly high degree of 
temperature, although it has been suspected that some light 
is really given out by it in addition to the Solar light which 
it reflects. 

Owing to the absence of any indications of such a t-em- 
perature as would probably render the whole planet fluid, 
many astronomers therefore believe, that there is a central 
globe in Jupiter in a condition more or less like that of the 
globe of the Earth. If so, such a globe may lie far within 
the cloudy outer envelope visible to us, and at a distance greater 
or less according to the temperature which it at present pos- 
sesses ; ue. if the central globe be colder and denser, it will be 
so much the smaller; if somewhat hotter, and less dense, it 
will be so much the larger. 

Quite apart, however,' from the uncertain question of its 
internal constitution, or of the size of its central globe, we are 
able, by observations of the periods and movements of Jupiter's 
satellites, as well as by some other more complicated methods, 
to determine one undoubted fact connected with it, which is by 
itself quite sufficient to justify us in speaking of it as very 
huge ; viz., the weight of the planet as a whole. The most 
careful calculations prove that it weighs rather more than v 
300 times as much as the Earth. 

The above statement, however, necessitates that, if its globe 
be really bounded by the envelope which we see, it must be 
formed of matter upon an average more than four times lighter 
than that of the Earth. This is found to be the case by 
dividing the number 1,300, which is approximately the number 
of times that the volume of such a globe would exceed that of 
the Earth, by the last mentioned number, 300. 

But, if the planet be not in a considerably heated condition, 
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80 small an average density seems once more to be hardly 
consistent with the immensity of its size, and the consequent 
intensity of pressnre which, as we have already hinted, must 
exist in the vast depths within it. Moreover, the fact, that 
the calculated value of the attraction of the force of gravity, 
upon its surface, is found to be nearly 2^ times * as great as 
upon the surface of the Earth, is another reason for the 
existence of a much greater, rather than a smaller, average 
density in the planet as a whole. We may, therefore, conclude 
that the joint action of two causes affords the most probable 
explanation of the apparently small density of the planet 
Jupiter: the one, that its real and more solid part lies far 
beneath the cloudy envelope which bounds our view 5 the other,, 
that even that central portion may be in a state of very 
considerable heat (although not sufficiently hot to be decidedly 
luminous), and be consequently expanded to a greater size and 
a lighter density than it would possess if it were cooler. 

We have been led to make the preceding preliminary remarks- 
touching upon some deeply interesting physical speculations 
which we shall presently treat at greater length, by our use, 
in the first paragraph of this lecture, of the expression " the 

* This may be approximately calculated by the foUowing method, 
which, with the necessary alteration of figures, will equally well apply ta 
other planets : — 

A sphere attracts any external object as if all the matter in the sphere 
were condensed at its centre. The weight of Jupiter being found, from 
the rotation-period of any one of its satellites, or by some other method^ 
to be about 300 times that of the Earth, gravity upon its surface would 
be 300 times as great as upon the Earth s surface, if the respective dis> 
tances from the centre to the surface were the same in each planet. 
But the distance in question being about 11 times as great in the case of 
Jupiter, and gravity acting inversely as the square of this distance, the 
attraction will be diminished about 121 times. Since 121 will divide into 
300 rather less than 2^ times, it results that gravity upon Jupiter's surface 
is somewhat less than 2^ times as great as it is upon the Earth's. A 
man weighing 15 stones upon the Earth would therefore weigh about 
37 stones upon Jupiter, and a pound avoirdupois would weigh about 
39 ounces. A body dropped from rest would fall about 39 feet instead of 
IG feet in the first second of its fall, and would at the end of that second 
possess a velocity 2^ times as great as it would upon the Earth. 
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apparent size of Jupiter," which naturally suggested the 
question, — Is what we see really the boundary of the planet or 
not? It may, however, be well, before we indulge in any 
further discussions of a similar character, to state a few facts 
which have been certainly ascertained with regard to the 
dimensions of the planet and of its orbit. 

The surface of the globe, seen by us, which (whether it more 
or less exceed in size the real body of the planet) is all that 
we can measure, is about 120 times that of the Earth ; more 
than 6,000 times that of Europe ; and more than 400,000 
times that of England. 

The equatoreal diameter of Jupiter measures about 88,000 




FiK. LXIV. — The polar flutteniug of Jupiter is such that one-half uf thts planet Marti placed, 
I as in this fiffnre, at one of its polos would lie 600 miles within a sphere cf a radiutt 

equal to that of Jupiter's equator. 

miles.* But the polar diameter is more than 5,000 miles 
shorter, the proportionate difference being greater than in the 
case of any other planet, except Saturn. 

So vast is the size of the apparent globe of Jupiter, and so 
considerable the amount of its polar flattening, that, if a 
diagram be carefully drawn to scale as in Fig. LXIV., and the 
shape, which one-half of a circular disc of the same diameter 
as its equator would have, be indicated by a dotted line, the 
distance between one of the poles of the real disc and the 
dotted semi-circle would more than suffice to receive one-half 
of the disc of the planet Mars. In fact, between the centre 

* The above value assumes the Sun's distance from the Earth to be 
about 93,000,000 miles. If that distance be greater, the apparent width 
of Jupiter's disc will represent a proportionally greater diameter, and %nce 
versa. 
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of Mars, as we have drawn it, and the semi-circle in question 
there woold remain a vacant space, which, although only jnst 
distinguishable in the figure, is really about 500 miles across. 

Jupiter pursues his journey round the Sun * at a mean 
distance very nearly equal to 5 J times that of the Earth. If 
the Earth's mean distance be estimated at 93,000,000 miles, 
Jupiter's will therefore be about 484,000,000 miles. 

But this mean distance is subject to considerable variation 
owing to the ovalness of the planet's orbit, which, although only 
about one-half of that of the orbit of Mars, and less than one- 
fourth of that of Mercury, is three times that of the orbit of the 
Earth. Such an eccentricity, or ovalness, is in fact measured 

♦ We should more accurately say (see Lecture V., p. 121), round the 
common centre of gravity of the Sun and Jupiter. For a similar law 
to that which we explained in the case of the revolution of the Earth 
and the Moon around their common centre of gravity (see Lecture III., 
p. 53) holds for any two mutually attracting bodies ; and it is worthy of 
notice, that, so far as the Sun and Jupiter are concerned, the common 
centre of gravity about which they would revolve is not within the Sun, 
but even when Jupiter is at its nearest to the Sun, and their centre 
of gravity consequently at its closest approach to the centre of the 
latter, it is some thousands of miles outside the Sun's surface. 

This may be roughly proved as follows. Let s in Fig. LXV. be the 




Fig. LXV.— The common ceutro of f^ruviby ot the s>un and of Jupiter lies outside the Sun. 

centre of the Sun ; j of Jupiter ; o their common centre of gravity. 
Then the weight of Jupiter being about a yA^th part of that of the Sun, 
GJ must be about 1048 times G.*^, or gs a ro^vth part of sj. The 
smallest value of sj being about 461,000,000 miles, we have for the 
minimum value of so, the quotient of this by 1049, or about 438,600 
miles ; which is about 6000 miles further from s than the Sun*s surface, 
if we take 432,500 miles to be the most probable value of the Solar semi- 
diameter. It is therefore hardly accurate to state, as is sometimes done, 
that the weight of the Sun is so enormously preponderant, that the centre 
of gravity of it and of all the planets lie? very close to the Sun's centre. 
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by a fraction which is rather less than ^th^ so that the value 
of its greatest distance from the Sun is rather less than a ^^iii 
part (or about 23,000,000 miles) more, than the mean value, 
which we have already stated to be about 484,000,000 miles. 
Jupiter's greatest distance from the Sun consequently amounts 
to about 507,000,000 miles. In like manner its least distance 
is 23,000,000 miles less than its mean distance^ or very neoxly 
461,000,000 miles. 

If only approximate numbers be desired, such as may easily 
be carried in the memory, it may be said that the planet's 
distance from the Sun varies from about 460,000,000 to about 
510,000,000 miles; its mean distance being somewhat over 
five times that of the Earth. From this it would also follow 
by Kepler's third law (see p. 122) that, if we cube the number 
5 (which gives 125), and then take the square root of this latter 
number (which is somewhat greater than 11), Jupiter's year, 
or the period of its orbital rotation, must be somewhat^more 
than 11 times as long as the Earth's year. 

Its more accurate value is found to be very nearly 4,332f 
days, ie.y about 11^ years, or about 50 days less than 12 years. 

Jupiter travels in an orbit, the plane of which is inclined at 
less than 1^° to that of the ecliptic, or to the plane of the 
Earth's orbit; an inclination smaller than for any other planet, 
except Uranus. While travelling in such a plane it keeps its 
polar axis very nearly perpendicular to it, the deviation from 
an upright position being only about 3°, instead of nearly 
23^^, as in the case of the Earth. 

Jupiter's velocity in its orbit, owing to its greater distance 
from the Sun, is, of course, much less than that of the Earth. 
While the latter moves at the rate of more than 18 miles per 
second, the speed of the former is only about 8 miles per 
second. This, however, amounts to about 29,000 miles per 
hour. On the other hand, the huge bulk of the planet appears 
to turn on its polar axis nearly 2^ times as rapidly as the Earth. 

With regard to the exact period of its axial rotation, as we 
shall presently see, considerable doubt exists, owing to the fact 
that somewhat different results are given by the observation of 
the times in which spots upon different parts of its surface are 
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seen to go round it. Its most probable value, however, is 
about 9 hours 55^ minutes. 

It may be interesting to contrast the corresponding speed 
for a point upon the Earth's equator with the vast speed 
with which a point on the equator of Jupiter is thus whirled 
round and round, as the result of so rapid a rotation and the 
large diameter of the planet. Such a point upon the Earth 
is carried through a distance equal to about 3^^ times the 
Earth's diameter, ue.y through about 25,000 miles in 24 hours ; 
or with a velocity somewhat exceeding 1,000 miles per hour. 
But the equatoreal circumference of Jupiter is 3| times a 
diameter of nearly 88,000 miles, or about 275,000 miles, and a 
point upon it is carried round this distance in less than 10 
hours, or with a sjjced of nearly 28,000 miles per hour. 

It also deserves notice, that the Earth rushes round the Sun 
with a speed of between 65,000 and 66,000 miles per hour, so 
that the velocity of any place produced by its axial rotation, 
although very great, is nevertheless more than 60 times less 
than that produced by its orbital motion ; while, in the case of 
Jupiter, a curiously near approach to equality exists between 
its orbital velocity and the velocity of rotation of a point upon 
its equator. The average value of its orbital velocity, in fact, 
only exceeds the value calculated above for the result of the 
axial rotation, viz., 28,000 miles per hour, by about 750 mQes. 

A very remarkable result in consequence arises, which we will 
endeavour to explain by means of the diagram in Fig. LXVI., 
in which the direction of the rotation of Jupiter round the 
Sun from west to east is represented by the arrows round the 
large circle ; and that of the equator of the planet round its 
axis by the smaller arrows at p and q. 

When any place is in the position q, its meridian is turned 
directly away from the Sun, and it is passing through the hour 
of midnight. The arrows which point in the same direction 
show that, at such a time, the speed of movement through 
space of the place in question will equal the sum of that caused 
by the onward motion of Jupiter in its orbit, and of that due 
to the rotation of Jupiter upon its axis. It will in fact be about 
twice 28,000 miles, or nearly 57,000 miles per hour. 
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But for a place in the position p, which is passing through 
the instant of noon, the two velocities are in exactly opposite 
directions, as the arrows again indicate. An observer in such 
a position (so far as these velocities are concerned) would there- 
fore at noon, or within a brief period before or after it, be almost 
at rest in space. And, inasmuch as Jupiter's velocity in its 
orbit varies by as much as 1,500 miles per hour on either side 
of its mean value, and that mean value only differs, as we have 
stated, by about 750 miles per hour from the velocity caused 
by the axial rotation of a point upon its equator, it follows 




Fig. LXVI.— Comparison of Jupiter's orbital velocity with the velocity of rotation round 
its axis of a point upon its equator. 

that there must be times in each period of the planet's circuit 
round the Sun, when the one velocity will at noon precisely 
neutralize the other. 

We have therefore shown that, so far as the above velocities 
are concerned, an observer upon the equator* of Jupiter would 

* That 18 to say, upon the equator of the surface of the globe, which 
is visible to us. The compensation of the one velocity, to which we 
have referred, by the other, would, of course, more or less fall shorts 
if the real equator of the body of the planet were that of a globe situated 
at a considerable distance within the limits of the sphere which we behold, 
according to the theory mentioned in the earlier part of this lecture. The 
nearer such an equator might be to the planet's centre, the smaller 
would be the velocity communicated by the planet's rotation to any 
point upon it. 
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at such a time be at rest in space. Indeed, he would be 
altogether at rest, were it not that we believe that the Sun 
and all the planets are together travelling onwards with a 
common motion round some very distant centre. Those who 
are accustomed to the use of the spectroscope may, however, 
understand, that the conditions involved would facilitate some 
speciallj interesting observations upon the approach or reces- 
sion of other heavenly bodies, or upon the motion of the Solar 
System itself. 

We must, however, hasten on to the consideration of some of 
the many and very interesting physical features of this wonder- 
ful planet ; amongst which we shall find that its Spots and 
Belts are most important. 

These the astronomers of olden time of course never saw^ 
although they so carefully watched the movements of Jupiter 
that one record has been handed down, dated more than 
twenty-one centuries ago, in which Ptolemy tells how, upon 
a certain day in the autumn of the year B.C. 240, the planet 
was seen to occult the star B Cancri, the same star which was 
distinctly seen near to the Sun during the total Solar eclipse 
of July 1878. 

But now that the telescope has come to our help, it is hardly 
possible to look at the disc of Jupiter with an object-glass of 
two inches, or even less, in aperture, without being at once 
struck by certain dark streaks running across its surface, in a 
direction approximately parallel to that in which its Satellites 
are also seen to lie. 

It is doubtless strange that these streaks, or belts, do not 
seem to have been noticed by (Jalileo,* and that the first obser- 
vation of them was not made until about twenty years after 
he detected the Satellites of the planet. But from that time 
onwards, they have been constantly watched. Nor was it long 
before they were found to exhibit frequent changes ; so that 

* In England we are accustomed to call Galileo Galilei by his Christian 
name Galileo, instead of using his family name Galilei, as is customary 
among other nations. We hope it may soon be practicable, possibly by 
using both names for a while, to correct this peculiarity* (See R. A. S. 
Monthly Notices, vol. xxxviii., p. 268.) 
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occasionallj only one was visible ; while, in general, two (one 
on each side of the equator), or three ; and sometimes four, 
five, six, or even seven, were seen ; or, as has happened more 
than once, the whole surface nearly as far as the poles has 
been traversed by a succession of numerous and rather faint 
parallel markings, alternately darker and lighter. 

A continuous and careful course of observation has shown 
that some of the principal features of these belts frequently 
remain comparatively constant for weeks or months together. 
At other times they are disturbed by changes so rapid, that 
the only phenomenon with which they seem to be in any wise 
comparable (and even that is on a vastly smaller scale), is 
the extraordinarily rapid formation of a stratum of cloud, by 
which we occasionally see a clear blue sky entirely overcast 
from one horizon to the opposite in the course of a few brief 
moments. 

In the various belts, unusually dark spots, or unusually 
bright spots, of various degrees of magnitude, may also often 
be watched, while they are carried rapidly round by the 
planet's rotation. Of these, small bright spots are upon the 
whole the most rare ; but they are, if carefully followed and 
studied, as some have been which have recently appeared in 
the midst of the equatoreal regions of the planet^ perhaps more 
full of interest and instruction than any others. 

We much regret that the space at our disposal does not 
allow us to enter upon anything like an exhaustive description, 
or discussion, of the never-ending variety in the appearance of 
the belts and spots of Jupiter. We must perforce be content 
with a brief mention of some of the more interesting observa- 
tions of recent date, and refer our readers for further informa- 
tion to the Records of the Royal Astronomical Society, and to 
many interesting articles which have appeared in the Obaer-- 
vatory^ the Astronomical Register^ and other scientific publi- 
cations. 

In Fig. LXVIL, we have an attempt to reproduce a very 
beautiful drawing of the planet made by Mr. De La Rue, on 
October 25th, 1856. Although the woodcut is certainly too 
harsh in its outlines, and does not very well represent the 
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cloudy aad ill-defined appearance of the markings nsnally 
seen, it may give our readers some idea of the amount of 
detail which is visible in a powerful telescope. In Plate VIII. 
are three very interesting views, selected from a large number 
recently presented to the Royal Astronomical Society by Mr. 
G. D. Hirst, of Sydney, N. S. Wales, who has paid special 
attention during the last few years to the observation and 
delineation of the planet. The view marked No. 1 was obtained 




Fig. LXVII.— Jupiter as observed by Mr. De La Rue, October Xfith^ 1866. 



with a 10^ in. silvered-glass reflecting telescope, and a magni- 
fying power of 214 ; the 2nd and 3rd views with a 7 J in. Merz 
refractor and a magnifying power of 200. It may be well to 
mention that the copies of the original drawings have been 
reversed in the Plate, in order that they may represent the 
view that would be seen in a telescope by an observer in 
our northern latitudes. 

They all illustrate the great variety and constant change 
in the belts and markings to which we have already referred ; 
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JUPITER IN 1878. 




W. H. WEJiUEV, Z.'M. 

From Drawings by G. D. Hirst, Sydney. 
PreunUd to tfu Royal Astrtmomical Society. 
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while the third, and the firat (in a less degree), also afford 
indications of the appearance of certain large and moderately 
bright oval forms, which appear from time to time (and 
possibly with some approach to a regular periodicity) in the 
principal central belts. Of such larger egg-shaped markings 
a regular succession, ranged across the disc at almost equal 
intervals, and separated by smaller and darker spaces, is 
occasionally seen ; when the effect produced, as is shown in 
a considerable number of published drawings of the planet, 
closely resembles that of a series of arches in a bridge. Many 
observers so described what they saw in the years 1869-1871.* 
The writer of this lecture also observed the same appearance 
to be remarkably distinct in the autumn of 1879. 

We think that our readers will find it well worth while to 
study all the drawings of Jupiter to which they may be able 
to obtain access. A large number may be found in vols. xxxi. 
and xxxiv. of the Hoyal Astronomical Society's Monthly No- 
tices ; the latter volume containing a very fine series observed at 
Parsonstown with the great reflector belonging to Lord Rosse, 
as well as some drawn by Mr. Knobel. There are also many 
excellent pictures of the planet published in the years 1871 and 
1872, in vols. ix. and x. of the Astronomical Register. Others 
are to be found in the volumes of the Observatory ; while two 
especially beautiful woodcuts illustrate an important article in 
Nature of January 5th, 1882. 

In several of these numerous delineations of the planet's 
appearance, some of the smaller bright or dark spots, t/O which 
we have previously referred, may be noticed ; but in the second 
of the three drawings in Plate VIII. it will be observed that 
the most remarkable feature is a large oblong spot in the 
upper half of the view, which has not only caused a great 
amount of excitement and interest amongst astronomers 
during the last four years, but has so far exercised the 
public mind that it has frequently been discussed in the 
columns of our daily newspapers. 

* See drawings in AHtronomical Register for April and November 1871. 
Also Pojntlar Science Review, vol. ix., pp. 129 and 131. Slight indications 
of these markings are also shown in Fig. LXX. , p. 309, of this lecture. 
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In the view in question it is seen when situated not quite 
centrally upon the disc. Indeed, whenever it is upon that side 
of the planet which is turned towards the observer, it is so pro- 
minent a feature of the surface, and so distinct from any other, 
that it at once rivets his attention. And yet, huge and most 
extraordinary as it appears to be, it first began to attract special 
notice so recently as in the summer of the year 1878. Since 
that date it has remained almost unaltered in size, and in its 
latitude upon the disc, although it has recently lost somex»f 




Fig. LXVin.— Jupiter, Bhowing the fprea.t red spot on July 9th, 1878, as seen at MorriBon 
Obsen'atory, U.S.* 

the very decided reddish colour by which the astonishment 
which it at first excited was greatly increased. 

It is now generally known as the Great Bed Spot We be- 
lieve that it was. first publicly mentioned by Mr. F. C. Dennett^ 
in the EnfflisA Mechanic o{'!!^oyemher22iidy 1878,who then stated 
that he had repeatedly observed it since July 27th of that year. 
It afterwards proved that Professor Pritchett had seen it in 

* Figs. LXVni. — LXXTTI. are taken from the Observatori/, vol. iv., by 
the kind permission of the Astronomer Boyal, who has most liberally lent 
the author the original wood-blocks. This is also the case with another 
wood-cut in Lecture XIV. 
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America on July 9th ; and that it had been noticed as early as 
June 26th at Lord Lindsay's observatory at Dun Echt. We 
have much pleasure in showing our readers two drawings of 
its appearance at that time, which were originally published 
in the Observatory of January and April 1879. The first is 
by Professor Pritchett, of Morrison Observatory, Glasgow, 
Missouri, dated July 9th, 1878 ; the second, in which the spot 
in question is marked a, is by Mr. L. Trouvelot, of Cambridge, 
Mass., U.S., dated Sept. 26th, 1878. 

Mr. Trouvelot mentions that its "intense rose colour 



Fig. LXIX.— Jupiter, showiiiff'the Great Red Spot (a) on September 86th, 1878, ait seen at 
Cambridge Observatory, U.S. 

appeared in strong contrast with the white luminous back- 
ground upon which it was projected." Some other observers, 
who went so far in the exuberance of their feelings as to com- 
pare it to a blood-red flame, must, we think, have been more 
or less carried away by the unexpected excitement of watching 
so remarkable an apparition. Whenever we have gazed at it 
with a refracting telescope, it has appeared to be of a dull 
brick-red colour. In a reflecting telescope it is, however, likely 
that its tint may be more brilliant. One well-known observer 
of great artistic taste and skill (Mr. Brett) has suggested that 
the best possible idea of the appearance which it presented 
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in 1879 may be obtained by fastening a patch of maroou- 
coloared velvet on a pale orange, and looking at it from a 
considerable distance. 

To the spot itself there have occasionally been attached 
certain streaky appearances, either preceding it, or following 
it, as in the figure before referred to (No. 2), Plate VIII. ; 
and its extremities have sometimes been more pointed than 
at other times. It has also been thought to be surrounded 
by a border somewhat brighter than the bright parts of the 
surface in its immediate neighbourhood. 

But, apart from any minor details of this kind, and even 
from the fact of its remarkable colour,* it deserves our most 
careful attention because of its enormous size, and the per- 
sistence with which it has remained not only visible, but almost 
unaltered in shape. It is hard for one who beholds it for the 
first time with a telescope, or sees it depicted in a drawing, 
to realize how large its area really is. Its form is approxi- 
mately elliptical ; but its surface is upon the whole larger than 
a perfectly elliptic form would involve. The measurements of 
Professor Hough, of the Dearborn Observatory, Chicago, made 
with a refractor of 18^ inches aperture, assign to it a length of 
29,600 miles, and a maximum breadth of 8,300 miles. It is 
therefore longer than the equatoreal circumference of the 
Earth by between 4,000 and 6,000 miles. Its area is about 
200,000,000 square miles ; which does not differ much from 
that of the whole surface of the Earth, while it is about 50 
times as large as that of Europe. 

This Great Red Si)ot is situated in about 30^, or somewhat 
less, of South Jovian latitude ; and, approximately, it extends 
about one-third of the way across the disc of the planet in 
that latitude, when seen in mid-transit. It is therefore so very 
large a feature of the disc, that we cannot but think that 

* This colour is aU the more remarkable when its latitude is taken into 
aocount. A reddish or orange-coloured tint is not uncommon in the belts 
nearer to the equator, but is not so usual in higher latitudes. In 1871 
Mr. Lassell (see Chambers* *^ Handbook of Descriptive Astronomy/' 
p. 114) described the colours of the upper and lower belts as purple and 
light olive-green, while the equatoreal belt was of a brown orange-tint. 
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many an observer would most certainly have called special 
attention to it, if it had been as noticeable, or its colour as 
remarkable, before the year 1878, as since the summer of that 
year. 

It is, however, very interesting to find, that various traces 
of its previous existence have been recorded. For instance, 
the \(Titer of this lecture has noticed, as he has mentioned in 
the Observatory, vol. iii., p. 449, that some of the drawings 
of the planet made in 1873, and published by Lord Bosse, 
afford indications of its presence.* It is also a remarkable 
fact that, near to the same part of the disc, an elliptic form of 
similar shape was frequently seen by Mr. Qledhill and others 
in 1869 and 1870.t But this was simply an outline ellipse 
formed by a narrow black line, the interior of which, with 





Pig. LXX.— Jupiter, March lath, 1872. Fig. LXXI.— Jupiter, April 18th, 1872. 

the exception of an occasional streak across it, was as bright as 
the surrounding portions of the disc. 

More recently, however, Mr. H. C. Russell, F.R.A.S., of the 
Observatory, Sydney, N.S.W., has stated % that he finds, on 
going through his drawings made during the last few years, 
that he had frequently observed it in 1876, when it was 
involved in the equatoreal colour-band of the planet and some- 
what different in shape, but not in colour, from its subsequent 

* See E. A. S. Monthly Notices, vol. xxxiv. 

t See Astronomical Register, vol. ix., p. 249 ; and vol. x., frontispiece 
and p. 68. 

t See "Recent Changes in the Surface of Jupiter," a paper read 
before the Royal Society of N. S. Wales, December 1880, by Mr. Russell. 
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appearance. He finds its then locality to have exactly corre - 
sponded with that which the best recent measorements give. 
He also mentions a drawing by Dawes, made in 1857, in 
which he thinks that it may be seen. In the Observatory 
for January 1882, Mr. Corder, of Great Baddow, Essex, has 
also pnblished two drawings, which he has found in his 
possession, made in the year 1872, in which he considers that 
it is depicted. These are shown in Figs. LXX and LXXI. 

Again, in the Observatory of Febroark^ 1 882 the two drawings 
in Figs. LXXII. and LXXIIL, one previously unpublished, 
and the other taken from the ^^ Bulletins de T Academic Boyale 
de Belgique '* of 1872, are shown by M. Terby, who is so well 
known for his very elaborate study of the planet Mars, as weU 
as for much other important astronomical work. The remark- 
able spots to which the letter a is attached are undoubtedly of 




Fig. LXXn.— Jupiter, Jannvy 18th, 1873. Fig. LXXHI.— Jupiter. Jennury aotli, 1872. 

the highest interest, as they strongly confirm the drawings of 
Mr. Corder, and especially that which is dated March 13th, 1872. 

It will be exceedingly interesting if any much older drawings 
be found in which the spot appears. Nor would such time 
as might be devoted to a very carefiil search to find them be 
ill spent. For such drawings might be of mu(*h use in con- 
nection with the discussion of various matters of the highest 
importance relating to the physical condition of Jupiter, and to 
the determination of the exact period of its rotation upon its 
axis, which the observation of the Great Red Spot has recently 
brought prominently forward. 

As regards this last-mentioned question, we have already 
stated (p. 300) that the probable period of the planet's axial 
rotation lies between 9*» 65"» and 9" 56™ ; one of the best deter- 



uigitized by 



Google 



THE PLAKBT JUPITJER. 311 

minatioiis yet made being that by Sir G. B. Airy, in the year 
1836, when Plumian Professor of Astronomy at Cambridge, 
which gave for its result 9»» 55°» 21-3^. 

But it seems that any attempt to determine the rotation- 
])eriod with extreme accuracy must now be altogether given up. 
We can adopt no other method for the purpose than that 
which was used in the year 1664, by the very first observer 
who detected the rotation of Jupiter, the celebrated Dr. Hooke, 
then Professor of Geometry in Gresham College. He watched 
the movement of a spot upon its surface, as the rotation of the 
planet carried it round ; and we must do the same. Our difficulty 
arises from the fact, that the more carefully we observe various 
spots, the less are we able to obtain a decisive result, owing to 
certain irregularities in their movements, and to a very appre- 
ciable, although moderate, difference in their speed of rotation, 
which seems to depend upon their distance from the planet's 
equator. 

It was in pursuance of the above method that Cassini, in 
1666, observed a spot which he followed during 29 consecutive 
revolutions, frcMn which he obtained for the duration of one 
revolution a period of V 66">. It was by the same method that 
Sir George (then Professor) Airy deduced his more accurate 
result of 9^ 55" 21-3-, from a dark spot which performed 225 
consecutive revolutions, and by the long interval during which 
it was thus visible diminished any probable errors of observi^- 
tion. We must, however, consider all such determinations, 
whether of earlier or of more recent date, whether more or less 
refined and precise, simply as the values which correspond to 
the individual spots to which they belong, and not as giving us 
any certain and undoubted information as to the exact duration 
of the planet's own rotation. • 

And here we may remark, that it is not only found that, as 
a rule, spots upon Jupiter go round more rapidly the nearer 
they are situated to its equator, in which they follow the same 
law that Carrington noticed in the case of the spots upon the 
Sun, but individual spots have very decided individufij pecu- ^ 
liarities of speed, and the speed of the same spot is often from 
time to time somewhat irregular. So long ago as 1779 Sir 
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W. Herschel found that some spots gave a period differing 
from that of others by as much as five minntes. And it is 
certainly in very remarkable agreement with this statement 
that we read in the recent Report of the Dearborn Observatory, 
Chicago, by Professor Hoagh, dated May 1881 ;— that the time 
of rotation deduced from the Great Red Spot was 9** 55™ 35*, 
while that obtained from certain white spots seen near to the 
equator varied from 9** 50^ 0'6» to 9** 60°* 9*8% a. value more 
than 5 minutes less than the above. On the other hand, from 
some spots nearer to the poles than the Great Red Spot the 
period obtained was as large as 9^ 55™ 39", or even 9** 55"^ 40J'. 

Again, Dr. Lohse of Bothkamp, who has given great atten- 
tion to the determination of the comparative speed of the 
spots seen in various latitudes upon Jupiter, mentions one 
which, in the year 1871, appeared to go round in about 3^ 
minutes less than the 9^ 55"* 20*3* assigned as the planet's 
rotation-period by Airj\ 

Professor Hough's recent observations have been confirmed by 
those of Mr. Denning, M. Terby, and others, who have watched 
with especial care one remarkable white spot, which persists in 
appearing from time to time in a certain latitude a little to the 
south of the equator. From Mr. Denning's frequent observa- 
tions of it during the past two years Mr. Marth has obtained 
a rotation-period of only 9'* 50" 6-6», while some earlier obser- 
vations, if taken into account, wonld still further reduce the 
period by about 1^ seconds. 

But perhaps, after all, the greatest interest at present 
belongs to the determination of the rotation-period of the 
Great Red Spot, for which the most accurate value yet de- 
duced from the very numerous observations of many excellent 
astronomers appears to be very nearly 9** 55™ 34i». This 
value, it will be noticed, agrees verj' closely indeed with Pro- 
fessor Hough's result. 

So considerable a difference of speed in spots seen in different 
latitudes is certainly very remarkable. And Mr. Denning, to 
whom the credit is due of drawing special attention to the 
above-mentioned equatoreal white spot by his long and accu- 
rate observations of it, informs us that it gains 8*1° of Jovian 
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longitude ou the Red Spot in 24 terrestrial hoars ; 80 that in 
rather less tlian 44** 10 J**, it performs one more revolution 
round the iilanct than is achieved by the Great Bed Spot. 
Between 29" past 9»» on November 19th, 1880, and 43*^ past 
9<' on December 24th, 1881, he finds that the latter went 
round 967, and the former 976 times. 

But even this rate of rotation has been exceeded in the case 
of a series of small black spots, which appeared some distance 
to the north of the planet's equator in October 1880. He 
found that these travelled once round in so short a time as ^^ 
9*» 48"» ; so that in 117 of our days they completed one more 
revolution than the previously mentioned white spot per- 
formed.. 

This speed was so exceptional that we may probably attri- 
bute it to some extraordinarily violent current in which they 
were involved ; although it is, of course, quite possible, that 
the increased rapidity of rotation in question may simply 
have been due to the fact that these spots were at a lower 
level than those which we most often behold. If so, it may 
be, that the globe or central portion of Jupiter is rotating, at 
a still lower level, faster than any such spots. 

We believe, however, that Mr. Denning, whose opinion with 
regard to the equatoreal white Bi)ot which he has observed 
with so much perseverance and skill has a special claim upon 
our attention, is, upon the whole, rather disposed to regard it, 
either as a permanent feature of the planet, or as in some way 
connected with some such feature which may be situated 
beneath it, notwithstanding that its rate of rotation is slower 
than that of the last mentioned small black spots. 

For our own part, we feel that the greatest possible difficulty 
is involved in any attempt to formulate a theory of what may be 
the physical condition of Jupiter, or of the relation of its spots 
and belts to that condition, and to the regions upon which they 
are superim}>osed. So much is doubtful, so much aj)parentlr 
contradictory, so much inexplicable, that we fear that the whole 
problem must be considered t6 be one for future solution, 
rather than one which can at present be solved. 

We must confess that we were at one time inclined to think 
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that the penuanency of the Great Bed Spot seemed to indicate, 
that it might be something which, while coagulating or solidi- 
fying, in some way caused a gap or break in the cloudy regions 
above it, or by its cooling condensed the vapours incumbent 
upon it, and thus increased its own visibility ; in fact, that 
we might be watching in it the gradual formation of a huge 
continent upon Jupiter. But the recent observations of the 
equatoreal white spot and of some other similar spots tell us, 
that, if we see in the Bed Spot a part of the body of Jupiter 
itself, we must find some explanation of the more rapid rota^ 
tion of these other spots. It might not be so difficult to 
explain a slower rate of rotation in their case, if they are 
simply atmospheric phenomena, but it seems hard to imagine 
by what means they can be carried steadily round, with a 
speed so much more rapid than that with which the globe 
below them must be rotating, if the Bed Spot is actually a 
part of it and by its movement indicates the true rotations- 
period. 

If it be the case that the motion of the equatoreal wbite 
spot, to which we have so frequently referred, is unifi>rm, and 
that any slight apparent irregularities in its movement are, 
really due to small errors of observation, it is doubtless possible 
that such a spot may be the summit of some snow-clad moun- 
tain, which from time to time is more or less clearly seen, or 
is occasionally altogether hidden by masses of overhanging 
clouds. Or possibly some volcano there placed may periodi- 
cally eject va«t masses of vapour which may hang over it, 
and alternately be of such a character as to shine with special 
brightness by reflected sunlight, or to obscure and darken our 
view. But if so, — if the white spot be either a permanent 
feature of the surface, or originate from such a feature, — 
may we not well ask whether the Great Bed Spot, upon the 
ground of its long-continued regularity of rotation, may not 
claim to have a similar location ? And yet this would seem 
to be impossible, because of its decidedly different period of 
rotation. In fact, every such supposition seems to involve us in 
some insurmountable difficulty in one direction or in another. 

We may, however, remark that the generality of observers 
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have been disposed to believe that the Red Sp^s is probably 
situated at no very great depth in Jupiter's cloudjfisayeldpe. 
It is also thought that a very slight slackening of its rotation- 
speed has been recently noticed. If so, this may arise from 
the opening, or depression, by which it may be formed, having 
become somewhat more shallow, so that its motion corresponds 
more nearly with that of the uppermost layers of the clouds 
and vapours of Jupiter's atmosphere, which would naturally 
move the most slowly. But, even if so, we can in no wise 
explain why that Great Red Spot should be so permanent, or 
in what way it has been generated. We are quite unable to 
decide whether it has originated where it is at present found, 
or in some source situated at a vast distance beneath. 

We are indeed not only disposed, as we have already stated, 
to leave the time of Jupiter's rotation upon its axis an un- 
solved problem, but we must allow that it is even possible that 
it ought to be described! as different in different latitudes. If 
so, the differing rate of movement of the spots in such loca- 
lities would be explained ; but at the same time it would be 
necessary to suppose, thatthe planet is not only surrounded by 
a vaporous envelope many thousands of miles in depth (as 
various classes of observations indicate),* but that it may 
be to a very great depth indeed, and perhaps to its actual 
eentre, vaporous, molten, or in a semi-fluid and viscous con- 
dition. In fact, there may be no solid globe in the planet 
at all; or, in other words, it may be, as suggested at the 
commencement of this lecture, in a very similar condition to 
that in which the Sun is believed to be by many of the best 
authorities. 

The only other tenable supposition probably is, that, at some 
very considerable depth, there is a globe as to whose period of 
rotation we know nothing ; while the outer regions, which are 
all that we can observe, are in a fluid, gaseous, or cloudy 
condition ; a state of things which we also mentioned as pos- 
sible, although not probable, in the case of the Sun. But if 

* We shall presently draw special attention to some of these in con- 
nection with tiie oocnltations of the planet's Satellites. 
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80, the permanence of some of the features of the planet, con- 
trasted with the incessant, and at times exceedingly rapid 
chaTiges visible in others, is extremely puzzling. 

When, however, we know so little, we must not let our 
ignorance suggest unnecessary difficulties. Bather let it teach 
us to wait, and watch, and learn. We can at any rate say that, 
in the increasing speed of the rotation of spots as we approach 
the equatoreal parts, there is a close resemblance to what takes 
place upon the Sun. In the comparative permanence of the 
positions of the principal belts, there is a resemblance to the 
permanence of the zones upon each side of the Sun's equator 
in which Sun-spots are found. In the size of the planet there 
is a nearer approach (although the interval is still immensely 
great) to the size of the Sun, than in that of any other body in 
the Solar System. Nor can we tell how much more, in bygone 
ages, before it had cooled down to its present condition, Jupiter 
may have resembled the existing state of the Sun-; nor how 
far, in ages to come, the Sun's condition may resemble that 
which we now see in Jupiter. 

We know but little of either ; but we can see many points of 
resemblance between them, many suggestive analogies. And 
yet we would not for a moment infer that Jupiter, although 
it 'may be in a state of considerable heat, and give out some 
intrinsic light,* is in anything like so hot or luminous a con- 
dition as the Sun. 

Here we must draw to a close our discussion of the possible 
condition of this great planet, only detaining our readers for 
a few additional moments in order to mention two or three 
especially interesting observations of the transits of Satellites, 
or of their shadows across the Great Red Spot, which have 
been recently made. They deserve special attention because 
they are such that, if they be carefully studied, and contrasted 
with future occurrences of a similar kind, they may enable u& 
to decide how far the spot is in any degree self-luminous, or 
the contrary. 

* See the commencement of this lecture, p. 295. Also Lecture Vl.r 
p. 149, with reference to the comparative light of the planet 3 Jupiter 
and Mercury. 
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In the Report of Professor Hough previoasly referred to, and 
quoted in the Observatory of October 1881, p. 303, we read: — 

"On July 3rd, 1880, the second Satellite during transit 
passed almost directly over the centre of the Great Red Spot, 
when it appeared sensibly as bright as when off the disc." 

On November 1st, 1880, a transit of the shadow of the second 
Satellite over the centre of the Red Spot was seen from the 
Dearborn Observatory ; and at the same time the transit of 
the shadow of the first Satellite over the disc of the planet. 
It is 3tated in the Report that " the shadow of the Satellite, 
when fully projected on the Red Spot, was distinctly visible, 
but not quite as black as the shadow on the disc ; proving tbat 
the Red Spot, although much less luminous than the disc, was 
yet much more luminous than the shadow of the Satellite." 

On the other hand, Mr. Gwilliam mentioned in the Obser-- 
vatory of January 1882, that he had seen the shadow of 
Satellite No. 1 upon the Red Spot, and that he had forwarded 
a drawing of it, when so seen, to the editor. He has since very 
kindly informed the writer of this lecture that, when the 
shadow was half upon the spot and half off it, he could detect 
no difference in the colour of either part. He has also stated 
that on November 26th, 1880, he saw Satellite No. 2 upon the 
Ited Spot, when the effect was very curious, the Satellite 
appearing as if surrounded by a briyht Aalo, which partially 
obscured the dark-red tint of the spot. His observations were 
made with a 6^ inch Calver speculum, and a magnifying power 
of 200. 

It will be noticed that the above-mentioned observations, 
being somewhat contradictory, leave the important question 
of the self-luminosity of the Great Red Spot still undecided. 

Upon the whole, we decidedly incline to the opinion that the 
planet Jupiter is most probably in too highly heated a con- 
dition to be fit for habitation, apart from the fact that its great 
distance from the Sun, and the small amount of Solar light and 
heat received by it, would otherwise make it very difl&cult to 
believe that it can be a suitable abode for beings in any way 
similar to the human race. It is, nevertheless, quite possible 
that, at some still far-distant date, it will only retain sufficient 
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heat to make it an agreeable place of Tesidence during a long 
period of inrther gradual cooling, until at last, instead of being 
too hot, it will become too cold for habitation. 

As its habitability at the present time seems to be so 
improbable, we need hardly devote much space to discuss the 
seasons of Jupiter's year, or the climatic conditions existing 
upon it. We will only remark in passing, that, its axis being 
nearly perpendicular to the plane of its orbit, its polar regions 
only extend for about 3"" around each pole, instead of for 23|^ 
as upon the £arth. Upon nearly the whole surface a resident 
would therefore find Spring, Summer, Autumn, and Winter to 
be almost alike ; in fact, a sort of never-ending Spring would 
reign in every latitude, the Sun rising to nearly the same 
meridian altitude each day in the year ; that altitude, however, 
being less the farther any locality might be from the equator. 

The actual intensity of the Sun's heat and light upon Jupiter 
would be about ^V^h of that which is eqjoyed by the Earth. 
The Sun's disc would appear to be of a diajneter less than |th, 
and of an area equal to about T^r^h, of that which it exhibits to 
us ; and it would seem (owing to the rapid axial rotation of the 
planet) to move across the sky 2\ times as quickly as it does 
to an observer upon the Earth, so that it would pass over the 
width of its own diameter in about every successive 9 seconds 
of our time. 

We may also remark that, if there should be any inhabitants 
upon such a planet, they would, of course, have to be much 
smaller than upon the Earth, the attraction of gravity upon its 
surface being, as we have shown in page 296, about 2^ times 
as great. This is in accordance, although in a reversed direc- 
tion, with the reasoning by which we showed, in our previous 
statements with regard to the satellites of Mars and the Minor 
Planets, that, the smaller the attraction of gravity upon any 
surface, the larger should be the scale of any beings upon it. 
In like manner, the greater the attraction of gravity the smaller 
must they be, in order to prevent their own weight from de- 
stroying them. There is, therefore, an important and funda- 
mental error of principle in a somewhat amusing quotation 
in the first volume of Admiral Smyth's "Celestial Cycle," 
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which might at first sight seem to contain a reasonable, 
although somewhat facetiously expressed, suggestion, that 
so large a planet ought to have inhabitants correspondingly 
tall. We there read that Wolfius maintained, that the 
inhabitants of Jupiter must be 14 feet in height, or rather 
13j^ feet ; and that he proved it by the following argu- 
ment. ** Wherefore, since in Jupiter the Sun's meridian 
light is much weaker than on the Earth, the pupil (of the 
eye) will need to be much more dilateable in the Jovian 
creature than in the terrestrial one. But the pupil is observed 
to have a constant proportion to the ball of the eye, and the 
ball of the eye to the rest of the body : so that, in animals, the 
larger the pupil the larger the eye, and, consequently, the 
larger the body. Assuming that these conditions are un- 
questionable, he shows that Jupiter's distance from the Sun, 
compared with the Earth's, is as 26 to 5 ; the intensity of the 
Sun's light in Jupiter is, to its intensity on the Earth, in the 
duplicate ratio of 5 to 26 ; and that it therefore follows, that 
even Goliath himself would have cut but a sorry figure among 
the natives of Jupiter. That is, supposing the Philistine's alti- 
tude to be somewhere between 8 and 11 feet." * Wolfius finally 
concluded the height of the inhabitants of Jupiter to be just 
j^ths of a foot shorter than that of Og the king of Bashan, 
according to the measure of his bedstead given in the Book of 
Deuteronomy. 

The coqsiderations which we have put forward would, on the 
contrary, lead to the conclusion, that about 28 inches would 
be a suitable height for an inhabitant of so huge a planet. 

It may be remembered that we showed in Lecture IX., p. 205, 
that a weight of 193 lbs., at the equator of the Earth, would 
weigh 194 at either of its poles, owing partly to the centrifugal 
effect of the Earth's rotation, and partly to the fact that the sur- 
face of the Earth at the equator is farther from its centre, and 
therefore the attraction of gravity less, than at the poles. On 
Jupiter both of these effects would be intensified, owing to its 

* See Smyth's ** Celestial Cyde," vol. i., p. 173, in quoting from which 
we have altered the adjective Jovial to Jovian, which is the form now 
generally used. 
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more rapid rotation and to its greater polar compression ; and 
to such an extent, that we have calculated, that 6 lbs. at either 
pole would only weigh about 5 lbs. at its equator. If, there- 
fore, the planet should at any future time be inhabited, although 
there would during the year be very little change of season in 
any given latitude, it would not only be possible to obtain a 
change of climate by travelling north or south from any par- 
ticular locality; but, if any unfortunate individual should suffer 
from a depression of spirits, he would not only get warmer, 
but very appreciably lighter by approaching the equator. 
If, on the contrary, a physician should find his patient to 
be too elated, he might bid him travel towards one of the 
poles, with the reasonable hope that his increased weight 
might steady his feelings. And if temperance principles should 
not obtain upon the planet, it might be a good rule only to 
dine out with friends living nearer to the equator than one's 
own residence, so as to have the advantage of a pole- ward move- 
ment, and a consequent augmentation of weight and stability, 
in returning home after dinner. 

We may, however, conclude this portion of our subject, and 
put on one side all speculations as to Jupiter's habitability, 
with the remark, that we consider that a much more probable 
supposition may be made ; viz., that Jupiter may afford some 
subsidiary heat and light to inhabitants who may dwell upon 
the four moons which circle round it. Their light is, as we 
shall presently explain, too feeble to be of any great use to 
Jupiter ; it is much more probable that his may be of use to 
them. In our next lecture we shall invite the attention of our 
readers to these four important and interesting, although not 
very large, members of the Solar System. 
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THE SATELLITES OF JUPITER. 



^* Four friendly mooiiJB,)with borrowed lostref rifle, 
Bestow their beams^benign, and light his skies.** 

Henbt Bakeb, F.R.a, A.D. 1726. 

The history of the discovery of the four moons, or Satellites, of 
Jupiter, is inseparably connected with the great name of 
Galileo Galilei, as the first triumph that rewarded the inven- 
tion of the telescope. We are very glad to think that it has 
been recently made possible for those who are not acquainted 
with the Latin language to read, in the excellent translation 
of the ".Sidereal Messenger," by the Eev. E. S. Carlos (late 
head Mathematical Master in Christ's Hospital), which has 
been published by the Messrs. Rivingtons, how modestly and yet 
how accurately Galileo describes his observations. Amongst 
much that is interesting and instructive in his narrative, 
nothing is, to our thinking, more noteworthy than the pains- 
taking and unsparing care with which he used his instrument, 
until he reaped that rich and complete reward which genius 
separated from industry never deserves, but joined to it never 
fails to attain. 

Night aftg* night Gkddleo watched the Satellites, and each 
night, as his diagrams show, he accurately depicted the 
position in which he saw them. Some of his earliest obser- 
vations deserve our special attention. They date from January 
7th, 1610. On that night he discovered three out of the four 
moons, and thought they were ordinary stars, although he 
wondered to see them all nearly in a straight line, two on one 
side, and one on the opposite side of the planet, as in the np- 
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permost line of Fig. LXXIV. The following night he again 
saw three, but they were all on one side of Jupiter, and nearer 
to one another than on the previous night. This is shown in 
the second line of Fig. LXXIV. The next night he saw only 
two, both on the opposite side of the planet. The nights of the 
13th and 15th were the first upon which he saw all the four ^ 
when their positions were such as are indicated in the third 
and fourth lines of Fig. LXXIV., iu which the original draw- 
ings published by Gralileo are reproduced.* 

Galileo continued to observe the Satellites, and to record 
their places, on every clear night with the utmost care ; occa- 
sionally marking down, in {addition, the proximity of small 
stars, which, however, were proved not to be Satellites, since 
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Fig. LXXIV.—CooflgurationB of the SatellitM of Jupiter, drawn by Galileo, in the year 1610. 

the Satellites accompanied the planet as it advanced in its 
orbit, while the stars were left behind. 

From the first, he noticed that all the four Moons were 
not equally brilliant. Hejwas also soon able to cbnclude that 
they rotated round Jupiter, alternately passing between it and 
the Earth, and beyond it to its further side. And he not only 
came to this conclusion through seeing them sometimes to the 
east and sometimes to the west of the planet, but he also 
ascertained that the size of the orbits in which they revolved 
was much greater for the outermost than for the innermost. 
This very important fact was discovered as follows : — 

Galileo observed that he often found two or three of the 

* A much more complete reproduction of sixty-f oar of Galileo's draw- 
ings may be seen in the translation of the '^ Sidereal Messenger " (by- 
Mr. Carlos) previously referred to. 
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Satellites to be apparently near together, i.e.y almost in the 
same line of view, when they were seen not far from the planet, 
bat that they never appeared close to one another at more than 
a certain distance from it. This is exactly the effect which 
the revolution of a series of bodies in concentric orbits, situated 
nearly in the same plane as the observer's eye, would produce. 
By painstaking calculation and continued observations he was 
able to announce, in the year 1612, that the periods * of their 
apparent rotations round Jupiter, were respectively about 
1« 18i>»; 3* I3i^; 7* 4>>; IC-* 18»>; the most precise values 
obtained at present being l** IS** 28" 30«; 3* IZ^ 17°* 54«; 
7^ 3»» 59"* 36»; 16** 18»» 5« 7». It is exceedingly creditable to 
Galileo that he so soon attained results so accurate. When, 
however, he proceeded to what was hypothetical, — ^as in suggest- 
ing that the greater or less extent of some dense and feir-extended 
atmosphere of the planet, through which the Satellites were 
seen at different parts of their orbits, might account for certain 
variations observed in their brightness, — ^his conclusions were 
not so admirable. 

Gtdileo's discovery of these Satellites occurred most oppor- 
tunely for the support of the all-important theory of Coper- 
nicus, which we have explained at length in Lecture V. As 
we have there stated, men of science were in much doubt, at 

* These periods are the synodic periods(8ee Lecture Y., p. 129), in which 
the Satellites would respectively appear to an observer situated upon 
Jupiter to go once round the planet, or to pass from the phase of New 
Moon to a similar phase again. They are therefore slightly longer than 
the actual periods of their rotation round it, just as a synodic month in 
the case of our own Moon is 29} days long, while the actual period of the 
Moon's revolution round the Earth, which is called a sidereal month, is 
only 27} days ; the additional time involved in the former case being that 
which is required, owing to the onward motion of the Earth in its orbit, 
to allow the Moon to make up for the different direction in which the 
Sun is consequentiy seen from the Earth, and to attain again (relatively 
to that direction) a position similar to that in which it began the Synodic 
month. In the case of Jupiter's Satellites, the difference between the two 
kinds of months is very much smaller, owing to the slower movement of 
the planet round the Sun, and their own more rapid rates of rotation. 
It only amounts to about one minute for the innermost, and to about 
one hour and a half for the outermost. 
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the beginning of the 17th centnry, whether to cUng to the old 
ideas of Ptolemy, which for at least fourteen centories had 
been almost anchallenged, or to accept the new doctrine that 
the San was the central mler about which all the planets 
revolved. So violently was the ancient system maintained, 
that Copernicus was with difficulty persuaded to publish his 
great work upon the ^' Bevolutions of the Celestial Orbs " ten 
years after it was completed, and only received the first printed 
copy of it when on his death-bed ; while Galileo (see Lecture 
v., p. 106) was forced in his old age to make a humiliating 
recantation of his belief in the movement of the Earth. 

And yet there can be but little doubt that the beauty and 
simplicity of the Copemican theory was such, that it must have 
been gradually commending itself to the minds of many, who 
were, therefore, prepared to realize the important confirmation 
which it received from the orbital revolution of the Moons of 
Jupiter. We must no doubt allow, that a far more conclu- 
sive argument for its truth was really afforded by the view of 
the phases of Venus, which Galileo obtained in the December 
of the same year in the beginning of which he discovered the 
Satellites of Jupiter. But before the orbits of these Satellites 
were known, it cannot be denied that there appeared to be 
a certain symmetry of idea in supposing Sun, Moon, and 
planets all to revolve around the Earth. Until then, the case 
of the Moon would have seemed a solitary exception to a 
general rule, if it had been believed that all else circled round 
the Surij while it alone revolved around the Earth. But even 
those who had not studied scientific matters deeply, could not 
but feel that any such difficulty was removed, when Jupiter 
was found to have a subsidiary system of its own. And it was 
a still further argument in favour of the theory of Copernicus, 
that, the more complicated the general view of the Solar System 
thus became, the more beautifully did that theory explain it 

It is amusing to find that there were amongst Gralileo's 
contemporaries, to whom he announced his discovery, some 
who denied the existence of the Satellites altogether. Some 
even refused to look through his telescope, upon the plea that 
it was an instrument of a Satanic nature. It is of such an 
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unbeliever that Qfdileo expresses the pious hope that, if he 
would not believe in them or look at them in this life, he 
might after death e]:goy a good view of them on his way to 
heaven. 

The most powerful telescopes that Galileo constructed mag- 
nified in linear dimensions about thirty times, or rather more. 
With such an one the Satellites were of course very easily seen* 
They may often be detected with the excellent binocular 
field-glasses, or opera-glasses, made in the present day. 
Indeed, if it were not for the imperfection of the image of the 
planet formed in most eyes, — an image, which appears to be 
surrounded by a certain number of false rays of light, — two at 
least of the Satellites would be in general visible to the naked 
eye, when seen sufficiently far from the disc of the planet^ 
inasmuch as their light is quite as great as that of a 6th 
magnitude star. 

In Arago's " Popular Astronomy," in Chambers' " Hand- 
book of Descriptive Astronomy," and in Webb's " Celestial 
Objects," well-authenticated instances are quoted in which 
some of them have undoubtedly been seen without telescopic 
aid ; although it should perhaps rather be said that, in several 
cases, 'two 6r three seen very close together have appeared as 
one, than that they have been separately visible. Their visibility 
to the naked eye must, however, always be very rare, except 
under remarkably fiivourable conditions of climate and locality. 
It is more a matter of curiosity than of importance, but its 
possibility cannot be denied. The only point in connection 
with it which surprises us is, that we have no record of any 
such observation by the ancient astronomers of Arabia or 
ChaldaBa. 

In some books the four Satellites which we are discussing 
are distinguished by names assigned to them by an astronomer 
of another nation, who basely sought to deprive GMiileo of the 
honour of their discovery. These names have, however, justly 
failed to obtain any recognition. Astronomers invariably 
distinguish the Satellites, in the order of their distance from 
Jupiter, simply by the numbers 1, 2, 3, 4. 

The next question to suggest itself to the reader with regard 
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to these Moons of Jupiter may probably be, — What are their 
sizes ? This is a query which for some time after their dis- 
covery was involved in considerable obscurity. Even now we 
cannot answer it with any pretence to extreme accuracy. 
From an exact measurement of the angles subtended at our 
eyes by the apparent diameters of their discs, it is no doubt 
true, tiiat we can at once calculate the actual sizes, which 
at their known distance from us would correspond to such 
apparent sizes. But the diameters in question lie between 
1 and 1^ seconds of angular measure, ue. they only measure 
from a T^Virth to a y^^ P^^^t of the apparent width of the 
disc of the Sun or Moon. They are, in fact, so small, that 
modern instruments of the very best construction and of 
the highest power are required, in order that they may be 
measured with any approach to precision. 

The earlier observers were forced to employ other and less 
direct methods ; for instance. Sir William Herschel, by watch- 
ing how long the second Satellite occupied in entering upon 
the disc of Jupiter, when about to transit across it, obtained a 
very accurate value for its diameter. He was also remarkably 
correct in his judgment as to the probable sizes of the other 
three. In like manner, SchrOter and Harding, by similar 
observations, effected a very satisfactory estimate of the dia- 
meters of all the four Satellites. 

Since 1829, however, several careful sets of actual measure- 
ments have been made. From some of the best of these, 
combined with such observations as we have previously men- 
tioned. Professor Engelmann, of Leipzig, deduced in 1871 the 
following values of the respective diameters, which are most 
probably approximately correct ; although it deserves mention 
that measurements made in 1881, by Professor Colbert, with 
the great achromatic telescope of tiie Chicago Observatory, 
18^ inches in aperture, make them to be considerably larger. 

For the Ist about 2,500 miles, or approximately 2^ thousands of miles. 
„ 2nd „ 2,100 „ 2A 

„ 3rd „ 3,560 „ 3^ 

4th „ 2,960 „ 3 

It may be interesting to compare the above values with that. 
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viz., 2,160 miles, which belongs to the diameter of our own 
Moon ; and with 3,000 miles, the probable diameter of the 
planet Mercury. Such a comparison shows that the smallest 
of the four Moons of Jupiter is almost exactly of the same size 
as our own, while the other three are decidedly larger. It 
may be calculated that their imited bulk (inasmuch as the 
volumes of spheres vary as the cubes of their diameters) is 
between nine and ten times that of our Moon, and between |th 
and ^th of that of the Earth. It also follows that the volume 
of the largest is about two*thirds as large again as that of 
Mercuiy; so that this Satellite affords an example of a 
secondary body in the Solar System which is much larger than 
another primary body. 

It is probable that this is also true of the largest of the 
Satellites of Saturn, and still more so of that of Neptune. 
But, so far as we have as yet gone in our outward journey from 
the Sun, this is the first instance of the kind with which we 
have met. We certainly cannot consider such a Moon to be 
in any sense unimportant ; especially if we further notice that 
its diameter is about xV^^^i ^^ ^^^ much less than one-half of 
that of the Earth, and about |ths of that of Mars; while its 
surface is more than frds of the area of Mars. If there be 
no other reason against the habitability of such a globe, no 
objection can be raised upon the score of its size. 

The diameters of the orbits of the Satellites, which are nearly 
circular in form, next demand our attention. They may easily 
be deduced by Kepler's 3rd law (see Lecture V., p. 122), from 
the periodic times in which the orbits are described. By that 
law they must be such, that the squares of those times are in 
the same ratios as the cubes of the respective distances of the 
Satellites from Jupiter. The resulting distances from the 
centre of the planet are found to be about 262,000 miles ; 
417,000 miles ; 666,000 miles ; 1,171,000 miles ; respectively : 
i.e. they vary from about a quarter of a million to about 1 J 
millions of miles. 

From this last statement a very interesting illustration may 
be obtained of the vast power of the telescope, when used to 
view the heavenly bodies, in neutralizing the effect of distance 
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by enlarging the apparent scale upon which we see them. 
The average valae of the angle subtended at onr eyes by the 
apparent diameter of Jnpiter, when it is passing through the 
position of Opposition, i.e., through one of its near approaches 
to the Earth, is about 45 seconds of angular measure. The 
corresponding angles subtended by the respective distances 
from its centre of the orbits of the four Satellites are about 135, 
215, 340, and 600 seconds. Therefore 1,200 seconds (or 20 
minutes of angular measure) would in general cover the whole 
distance across which the outermost, at such a time, is seen to 
travel from one side to the other side of Jupiter. As it is, we 
look at the orbits nearly edgewise, so that the Satellites seem 
to move backwards and forwards nearly in straight lines ; but, 
if their orbits could be tillied up at right angles to our view, 
while remaining unaltered in size, so as to be seen as circles 
Surrounding Jupiter, it follows, thafr a circle of 1,200 seconds 
of angular measure would embrace them all. And since there 
are 3,600 seconds in a degree, such a circle would subtend at 
our eyes an angle of only Jrd of a degree, i.e. ivd of the ^^j^lh 
part of that which the whole circumference of the heavens 
subtends. 

Our own Moon's apparent diameter, when estimfeited in the 
6ame manner, is about 1,900 seconds. Consequently within 
a space in the sky of an apparent width equal to f rds of that 
which we see in the Moon,* the movements of these four 
Satellites, as well as all the detail of the belts and spots of 
Jupiter, are seen even when the planet is especially near to 
the Earth. At other times, when it is further away, the space 
involved would be smaller still. May we not justly say how 
wonderful is the power of an instrument, which, in so small 
a field of view, can show so much I 

We may also be assisted in realizing the actual scale of that 

* The ovalness of the orbit of Jupiter occasionally causes it, when seen 
in Opposition to the Sun, to approach somewhat closer to the Earth than 
is supposed in the above statement ; in which case its diameter, and the 
apparent size of the orbits of the Satellites, may appear rather larger than 
the values we have mentioned as their mean values at such a time. The 
conclusion arrived at in the text remains, however, very nearly true. 
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whicl) distance causes to appear so small, if we notice that the 
nearest of these four Satellites, which appear to be so close to 
Jupiter, is really more than 20,000 miles farther from its 
Centre than the Moon is (upon an average) from that of the 
Earth ; while the 4th Satellite is at a distance nearly equal 
to five times that of our Moon ; and yet, such is the vast 
radius of the planet itself, the respective distances of the 
four are only about 5^^^, 9|, 15, and 26^ times the radius of 
Jupiter. Our own Moon's distance being about 60 times the 
Earth's radius, it follows, that the furthest Satellite of 
Jupiter is more than twice as near, in comparison with the 
radius of its primary. 

The four above-mentioned distances being in the ratios of 
the numbers 59, 96, 150, 265, attempts have been made to 
discover some relationship between them similar to that which 
Bode's series indicates in the case of the planets. It may not 
be out of place if we here mention two of the most successful 
of these attempts, although we consider them to be rather 
fanciful than useful. 

If we take the series 5, 5 + 3, 5 -h 3 x 2^, 5 + 3 x 2^ x 2J, 
we obtain the numbers 5, 8, 12 J, 23^. These, if multiplied 
respectively by 12, give 60, 96, 150, 279. 

Or we may take 
Add 
And again add 20^ 
The sums of which, viz.- 

as well as the numbers given by the previous series, do not 
diifer much from the true ratios of the distances. 

A much more striking relation may, however, be noticed in 
the periodic times of the Satellites. If we take these to be * 
jd 18^ 28»« ; 3^ 13^ 14™;. 7^ 3^ 43™ ; 16* 16^ 32™; or in days 
and decimals of a day 1-77, 3-55, 7-15, 16-69 days ; we see that 
the 2nd is almost exactly double the Ist, and that the 3rd is 

* In this case we use the actual periods in which they revolve around 
Jupiter, which are termed their sidereal periods, and are, as explained in 
the note upon p. 323, somewhat shorter than the corresponding synodic 
periods. 
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almost exactly double the 2nd» while the 4th is somewhat, more 
than double the 3rd ; the apparent law of daplication failing 
to a certain extent when we get further away from the centre 
of the system, just as it is found that Bode's so-called law 
of planetary distances partially fails in the case of Uranns, and 
altogether in that of Neptune. In connection with the above 
relation between the periods of Jupiter's Satellites, it may 
also be well to remind our readers, that we remarked, in Lec- 
ture X., how closely the period of the outer satellite of 
Mars {Deimos) approaches a value which is very nearly four 
times that of the inner satellite {Phoboti). 

While we are engaged in statistical statements, we may also 
notice that it has been proved, by means of calculations too 
elaborate to be here explained, that the densities of the 1st 
and 4th Satellites are neariy the same as that of Jupiter, or 
about |th of that of the Earth ; while the density of the 2nd 
is nearly twice as great, and that of the 3rd more than half 
as great again as that of the 1st and 4th. 

We have already stated that their actual sizes are by no 
means unimportant ; but it may, we think, afford one more 
instructive exemplification of the enormous mass of Jupiter, if 
we observe how minute the weights, which the above den- 
sities involve, are in comparison with the huge bulk of the 
planet around which these Satellites revolve. And in this 
connection it may also be interesting to remember, that the 
weight of our own Moon (as is shown in Lecture III.) is about 
^th of that of the Earth ; and that Jupiter itself is five times 
lighter than it would be if its apparent globe were of the same 
average density as the Earth. In contrast, then, to the case 
of our Moon, we find that the four Satellites of Jupiter respec- 
tively weigh only about looVooo ? TTnnnnyi^j unnmnrj ^^^ T ooVoao 
of the weight of Jupiter. 

It naturally results that the very large amount of protuberant 
matter in the neighbourhood of Jupiter's equator causes their 
orbits very nearly to coincide with its plane. The 4th Satel- 
lite, being further away, does not obey this law so ai^curately as 
the others ; but the utmost inclination even of its more distant 
orbit to the equator of Jupiter can never exceed about f rds of 
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one degree. Fotr the Ist Satellite the inclinalion is only about 
yViid of one degree, or less than one minute. 

It may be understood, by means of our previous explanations 
in the case of the Moon (see Lecture lY., p. 90), and in that 
of the Satellites of Mars (see Lecture X., p. 257), that Jupiter's 
Moons, and especially the inner ones, when viewed from the 
planet, would vary very considerably in apparent size according 
as they might be observed near to the horizon, or nearly over- 
head. In the latter case an observer, situated upon the 
planet's equator, would be not much less than 44,000 miles (i.e. 
the length of Jupiter's radius) nearer to the Satellite than 
in the former case ; which would reduce the distance of the 
nearest from about 258,000 miles to about 218,000 miles, or 
by nearly ^th part. The apparent diameters in the two 
positions would consequently be nearly as the numbers 5: 6; 
and the areas of the discs as the squares of these numbers, or 
as 25 : 36 ; so that the disc of this Satellite, which is the one 
whose change of size would be the most remarkable, would 
appear to be larger by about one-half when seen in the zenith 
than when seen in the horizon. 

If we take Jupiter's day to be about ten of our own hours 
in length, it may be easily calculated that its four Moons go 
round respectively in rather more than 4, i*ather more than 8, 
about 17, and about 40, of the planet's days. In these com- 
paratively short periods they pass through all their varied 
phases, with the exception, as we shall presently show, that 
three of them are always eclipsed when they would otherwise 
be full moons. 

Many very remarkable combinations of their phases must 
from time to time be visible in the Jovian skies ; the interest 
attaching to which is, however, greatly diminished when we 
remember that they always reflect so small an amount of 
Solar light, that it must not for a moment be imagined, as the 
quotation at the head of this lecture may perhaps seem to 
suggest, that they can be intended to compensate Jupiter by 
night for the feebleness of the illumiuation which it enjoys by 
day in consequence of its great distance from the Sun. The 
apparent areas of their four discs, if they could all be seen at 
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once in the zenith of a place npon Jnpiter's equator in the 
phase of fall moon, would, it is true, be somewhat more than 
twice the apparent area of our Moon, but the intensity of the 
sunlight which they reflect being about ^th of that which our 
Moon receives, their united light would even then be equal 
only to about V?th of the average amount which the ftill moon 
gives to the Earth. 

We will next proceed to the discussion of a certain especially 
interesting class of observations which may be made in con- 
nection with the Satellites of Jupiter. We refer to their 
Eclipses, their Occnltations, their Transits, and the Transits of 
their Shadows across the planet's disc. 

In connection with their Eclipses^ the first thing to be realized 
is, that Jupiter continually casts a huge conical shadow behind 
it while travelling in its orbit ; and that the axis of this shadow 
always points directly from the Sun, in the prolongation of the 
straight line joining the Sun's centre with that of Jupiter. 
We may very easily calculate, by the solution of a simple 
sum in proportion,* that this conical shadow will extend to 
about 54,000,000 miles, before it narrows to a i)oint. Tliis dis- 

* Let P and c in Fig. LXXV. be tbe centres of Jupiter and of the Sun ; 
«Tj' and B8' their semi-diameters ; then jj' is approximately equal to ^th 
of fi!^\ If, therefore, tbe point of the shadow extend to o, the distaiitoe 
po will be about T^yth of co, or Jth of op. The mean value of cp, i.e., of 
Jupiter's distance fi-om the Sun, being about 484,000,000 miles, it follows. 




FiflT. LXXV.— The length of Jupiter 'g shadow. 



that PO, or the distance to which the shadow of Jupiter will extend behind 
it, is about Jth of this, or about 64,000,000 miles. 

The above style of calculation is comparatively rough, but, as we have 
often shown in our lectures at Gre.<4Ham College, it may be very usefully 
and instructively applied in many similar cases, including some to which 
we shall refer a little farther on. 
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tance is, of course, immensely greater than that of the 4th, 
or farthest, Satellite, which falls short of 1,200,000 miles. 
The diameter of a circular section of the shadow, perpendicular 
to its axis, is, therefore, even at this latter distance, little less 
than that of Jupiter itself. 

The axis of the shadow must evidently lie in the plane of 
Jupiter's orbit, while the Satellites move nearly in the plane 
of Jupiter's equator, which is only inclined at an angle of 
about three degrees to that of the orbit. It is consequently 
found that the first three Satellites never esca})e the shadow 
when they are full moons ; and that the 1st and 2nd always 
pass deeply through it; while the 3rd may, at its greater 
distance, at times dip but -comparatively little into it But 
the 4th, for nearly half of its i)ath, is so far removed above, or 
below, the plane of Jupiter's orbit, that it may, when full, pass 




Fif?. LXXVI.— Comparative movemects and relative {jositions of the three iimermost 
moons of Jupiter.* 

altogether clear of the shadow. When the Satellites travel 
centrally through the shadow, their eclipses will of course be 
of the greatest possible duration, and may last in the case of 
the 1st for 2^ 20^ ; 2nd, 2»> 56™ ; 3rd, 3*» 43"» ; 4th, 4>» o6^. 

The first three can therefore never appear as full moons, but 
are always eclipsed when they otherwise would be so seen, as 
would be the case with our own Moon if it moved very nearly 
in the plane of the ecliptic, instead of in an orbit inclined to it 
attm angle of about five degrees. 

But, in addition to the fact that the three inner Satellites 
are always thus eclipsed when they would otherwise be seen 
as full moons, an exceedingly curious relation exists between 
their motions, which involves the fact that they can never all 

* A diagram resembling the above, but more elaborate, may be seen in 
an article by Mr. Proctor in the Popular Science Revieic, vol. vi., p. 248. 
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three be in the position of full moon at the same time. Con- 
sequently, only two of them can be eclipsed at once. The 
motion of the 4th is not connected in this way with that of 
the other three. It may therefore be eclipsed with two of the 
others ; in which case Jupiter would have only one moon 
visible. And even that might be in the phase of new moon ; 
in fact, if two of the three eclipsed were the 2nd and 3rd moons, 
the same relation previously named would require that the 
one not eclipsed {Le., the 1st) must be a new moon ; under 
which circumstances the Jovian skies would for the time be 
deprived of all moonlight. 

The relation to which we refer was discovered by Laplace. 
It may be stated somewhat technically as follows :-^— That the 
mean angular motion of the 1st Satellite round Jupiter, added 
to twice that of the 3rd, equals three times that of the 2nd ; 
while it is also the case that, if the 2nd and 3rd are, at any 
given time, exactly in the same direction in longitude, or 
(neglecting the inclination of their orbits) exactly in the same 
straight line as seen from Jupiter, the 1st must be exactly in 
the opposite direction. 

If therefore, as we stated above, the 2nd and 3rd be supposed 
to be together in the position of full moon, the 1st must 
necessarily, by the second part of Laplace's theorem, be in 
that of new moon ; while a little consideration of the former 
part of the theorem in question will show, that the three can 
never be full moons, or new moons, or in fact be all seen in 
any given direction, at the same time. 

It will be remembered that we stated (see page 329) that the 
angular movement of the 2nd is not mr from being equal to 
twice that of the 3rd, while that of the 1st is almost exactly 
double that of the 2nd ; their angular velocities being just so 
much greater as their periodic times are shorter. The num- 
bers 1, 2, and 4 therefore very nearly represent the ratios of 
their respective velocities. If they did so precisely, it is of 
course evident, since 4 plm twice 1 equals three times 2, that 
the first part of Laplace's law of their motions would be 
satisfied. 

But that law, as discovered by Laplace, involves the truth 
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of this relation, when, instead of such approximate nambers, 
the exact valnes of the velocities of the three inner Satellites 
are nsed. And it results that, if the three be at any given 
time in the same straight line drawn through Jupiter, — ^as, for . 
instance, if the 1st be in the position of new moon, and the 
other two upon the opposite side of the planet (see the first 
diagram in Fig, LXXVI.), — they will again occupy similar 
relative positions a very short time before the outermost has 
quite completed one entire revolution (see the fifth diagram in 
Fig. LXXVI.) 

But, for an approximaie explanation of this peculiarity of 
their movements, it will suffice to imagine them to start as we 
have just -stated,* and then to suppose that the innermost will 
go round exactly four times, and the 2nd twice, while the 
3rd goes round once; which is what would happen if their 
velocities were precisely as the numbers 1, 2, and 4. Then 
the four remaining diagrams in Fig. LXXVI. will sufficiently 
represent in succession the relative positions of these three 
Satellites when the innermost has gone round once, twice, 
three times, four times, respectively ; and will show, in agree- 
ment with Laplace's statement, that all three can never lie 
in the same direction upon the same side of Jupiter at the 
same time. 

We must now explain a few additional technical terms con- 
nected with those phenomena of the Satellites, which still 
remain for our discussion. 

When a Satellite is seen by an observer upon the Earth to 
enter the shadow of Jupiter, and thereby to be eclipsed, the 
commencement of the eclipse is denominated an immersion, or 
ingress ; its end, when the Satellite exits from the shadow, is 
called an emersion, or egress. 

But there is another way in which a Satellite may be hidden 
from our view. It is when the body of the planet is actually 
between an observer and the Satellite, which is then said to 
be occulted. The beginning and the end of an occultation 
are respectively termed a disappearance and a reappearance. 

* It may be well to remark that the relative positions thus supposed are 
such as they really occupy from time to time. 
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Under such circamstances it is possible that a Satellite may 
also be in the shadow of Jupiter, during a portion of thetime 
which it occupies in passing behind the planet, or vice versa; so 
that it may be coincidently occulted and eclipsed. Or, to ex- 
plain what we mean a little more fully, a Satellite may become 
eclipsed, and then enter into the position of occultation before 
its eclipse is ended ; in which case we may begin our obser- 
vation by seeing ita ingress into eclipse, and fipish by seeing 
its reappearance from occultation. Again, it may disappear 
by occultation, and presently emerge from eclipse, without 
the end of the occultation or the beginning of the eclipse 
having been visible. The following diagram, in which it 




Pif?. LXXVII.— OocultatioDB and Ecliiises of ft SatelUte of Jnpiter. 

must of course be understood that the circles representing 
the supposed orbits of Satellites round Jupiter are, for the 
sake of clearness, much exaggerated in size in comparison 
with the distance of Jupiter from the Earth, may serve to 
illustrate how such cases may arise. 

It is not difficult to understand from Fig. LXXVII. that, if 
the Earth is approaching the position o, in which it would see 
Jupiter in Opposition to the Sun; — i,e., if it be in such a position 
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as A, — ^the eclipses of the Satellites will precede their occolta- 
tions ; the arrows showing the direction of the motions in- 
volved, and the order of the phenomena that will occnr being 
indicated by the letters i, s, d, b, which respectively stand for 
Ingress, Egress, Disappearance, Beappearance. After the 
Earth has passed o, and has attained snch a position as z, the 
order will evidently be reversed, and be rf, r, i, k. 

It may be noticed in onr diagram that Jupiter is supposed 
to be in the same position J, during the whole time that 
the Earth is moving from a to z ; in fact, the onward motion 
of Jupiter is not shown. But the figure is only so drawn 
to save complication, and the explanation given will apply 
just as well as if successive positions of Jupiter were shown. 
This is the case because the Earth moves round the Sun 
much more quickly than Jupiter, so that we may neglect the 
motion of the latter, by supposing the Earth to be moving 
with the dijQTerence of its own angular velocity and that of 
Jupiter. Or even without so doing, we might first suppose z 
to be omitted in the diagram, and then, secondly, suppose a to 
be omitted and z to be inserted: when it would perfectly 
apply to the two different cases, and correctly represent for 
each of them the relative positions of the Earth and of 
Jupiter, and the phenomena that would result. 

It may also be perceived, that the nearer a Satellite is to 
Jupiter, the less likely is it that all the four phenomena (indi- 
cated by the letters i, e, d, b) will be visible when the Earth is ' 
at a given distance from o, without their interfering with one 
another^ For instance, if a Satellite be supposed to move in 
an orbit represented by the dotted circle, which is drawn at 
about |rds of the distance of the circle ibdb from Jupiter in 
Fig. LXXVII., it is evident that an observer upon the Earth 
at A would see it pass into the shadow, but he would not see it 
emerge, since just as it would otherwise do so it would be 
occulted. Presently, however, he would perceive it reappear 
from behind the planet, its emersion from eclipse and its 
disappearance by occultation having both been invisible. 
Similarly if the Earth were at z, the disappearance of such 
a ^tellite by occultation would be seen, but not its r«- 

22 
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appearance^ beoaose its eclipse would at the same instant 
begin. The egress from eclipse wonld, however, be visible. 

For a Satellite moving as far from Jupiter as the circle 
lEDR, the same coincidence of phenomena would occur if the 
Earth were at b, since the straight line be joining the Earth 
and the Satellite at the moment of its egress from eclipse 
would, in that case, also mark the point where the disappear- 
ance by occultation would take place ; in fact, for an observer 
at B the points d and e would come together. Similarly for an 
observer at y, the points r and i would coincide, since the line 
Ti, if drawn, would just graze the edge of the planet. 

It may be interesting if we state that the comparative dis- 
tances and dimensions really involved are such, that the 3rd 
and 4th Satellites are fttr enough from the planet, for both 
the beginning and the ending of their occultations and of their 
eclipses to be in general visible ; the 4th, however, about as 
often as not, as we have previously explained, escaping eclipse 
altogether when in the position of full moon. If, how- 
ever, Jupiter be very close indeed to Opposition to the Sun, 
i.e.y if the Earth be very near indeed to such a position as o, 
the eclipses of none will be visible, as the points d and R will 
then in every case come slightly beyond i and e on either side 
of the shadow of Jupiter. 

The distance of the 2nd Satellite also on rare occasions 
permits both the beginning and the end of its eclipses to be 
seen, although it is so much nearer to Jupiter that the Earth 
must in such a case be a long way from the line joining Jupiter 
to the Sun. The 1st Satellite is so close to Jupiter that both 
the beginning and end of its eclipses can never be seen. 

And a little further consideration of the figure will show 
that the general rule for the order and visibility of the pheno- 
mena in the case of the 1st and 2nd Satellites may be stated 
as follows : — If the Earth be moving from a position in which 
Jupiter has been seen in Conjunction with the Sun, tonards one 
in which it will be seen in Opposition (in which case it would be 
approaching o in the diagram), only the Ingress and Reappear- 
ance of the 1st, and (in general) also of the 2nd, will be seen ; 
tlieir Egress and Disappearance being invisible. After the 
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Earth has passed beyond a position in which Jupiter is seen in 
Opposition, and is proceeding towards one in which it will see 
it in Conjunction, the phenomena to be observed in the case of 
the 1st and (in general) of the 2nd will consist of a Disappear- 
ance by occultation and an Egress from eclipse, the end of the 
occultation and the beginning of the eclipse being invisible. 

But, in addition to the eclipses and occultations of the 
Satellites, we frequently see that they pass between us and the 
globe of Jupiter. At such times a transit of a Satellite is said 
to occur, as it then appears to travel, or to transit, across the 
disc of the planet. Nor is this all, for we are able (and with 
greater facility) to watch the shadow which the Satellite casts 
upon Jupiter, as it also sweeps across its surface. This is the case 
in Mr. De la Bue's beautiful drawing in Fig. LXY II., page 304, 
in which one Satellite is faintly visible in transit, while its 
shadow is clearly seen at some distance from it against the 
background of the planet. Again, in the second drawing by Mr. 
G. D. Hirst, in Plate VIII., p. 304, the 4th Satellite appears as 
a small, darkish spot on the lower, or noithern, half of the 
view, while somewhat above it and to the left of it the shadow 
of the 3rd is shown as a darker and much larger spot. 

These two kinds of transits correspond respectively to those 
which might be seen by an observer upon the Sun if the Moon 
were passing between him and the Earth. He might not only 
see it apparently crossing the Earth's disc, but he might also 
see its shadow sweeping over a zone of the Earth's surface, 
upon which a Solar eclipse would at the time take place. 
The occurrence of the various phenomena which we have 
thus described is well illustrated in Fig. LXXVIII., which is 
almost exactly copied, by the kind permission of Mr. Bentley, 
from one in the English edition of M. Guillemin's very popular 
work, " The Heavens." In this figure a Satellite is shown in 
transit upon Jupiter at ^, while its shadow is at the same time 
seen upon the disc at s. Of the other three Satellites one is 
undergoing eclipse, and another is just about to do so. 

It requires but little consideration .to see that, if a straight 
line joining the Earth and a Satellite meets the planet's disc, 
it will in general do so, as in the figure, at a different point from 
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one joining the centre of the Son and the Satellite. The 
former meets it where the Satellite while in transit across 
the disc will, if distinguishable, be seen projected npon it. The 
latter indicates where the shadow of the Satellite MLs npon 
the planet. 




Fig. LXXYin.— Phenomena of Jnpitar*8 SatoUiteB. The transit of a Satellite, and of 
a Satellite's shadow. 

Nor is it hard to perceive, by noticing the directions of the 
arrows in the diagram, that, in the position in which the Earth 
is drawn, the Satellite (seen at t) will precede the shadow 
(seen at s) in its transit Such a position corresponds to a 
time, shortly after the Earth has passed such a point as o, in 
Pig. LXXVII., from which Jupiter is seen in Opposition. And 
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the same order of sequence in the two transits, wherever they 
are visible, will occur, until Jupiter is so near to Conjunction 
with the Sun that we are unable to watch it. When it again 
becomes visible after Conjunction, and until Opposition takes 
place, the Satellite will be seen iofollom instead of to precede 
its shadow as it passes across the disc. 

From our previous comparison of the occurrence to that of 
a Solar eclipse, it will, of course, be understood that, wherever 
such a shadow falls upon Jupiter, an eclipse of the Sun is in 
progress. But we have met with no attempt, in any elementary 
work, to calculate the size of these shadows, or the durations of 
the total eclipses of the Sun which they produce upon Jupiter ; 
nor can we here devote much space to any such calculation. 

We may, however, mention that, in some of our lectures 
delivered at Grbsham College in which we have considered 
these Satellites more minutely, we have worked out a few 
approximate calculations, without any attempt at strict accu- 
racy, which show that the shadow of the 4th (or furthest) 
Satellite is about 950 miles in diameter when it falls upon 
the planet. We also found that, at a place upon Jupiter's 
equator, if this Satellite were in the zenith, a total Solar eclipse 
would be caused of about 6 minutes' duration. There would, 
however, be one remarkable difference between the circum- 
stances involved in such a Solar eclipse, and those of one seen 
upon the Earth; viz., that, instead of the rotation of the place of 
observation round the axis of Jupiter helping to diminish the 
speed of the shadow passing across it (as is the case with the 
rotation of the Earth and the shadow of the Moon upon it), the 
speed of the shadow (viz., about 18,500 miles per hour) would 
help to diminish the greater speed of about 28,000 miles per 
hour, with which the axial rotation of the planet would 
otherwise carry the observer through it* 

For the 3rd and 2nd Satellites, we found the speed of the 
respective shadows, under like circumstances, to be about 

« The difference of the two speeds being 9,500 miles per honr, the 
width of the shadow (950 miles) wotdd pass over the supposed point of 
observation in abont ^th of an hoar, or in about 6 minutes, as stated 
above. 
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24,500 miles and 31,000 miles per hour. Bat of these two 
velocities the one only falls short by about 3,500 miles, and 
the other only exceeds by about 3,000 miles, that due to the 
planet's rotation. A most remarkable result would therefore 
ensue ; viz., that the shadow in the former case would nearly 
keep up with the place of observation ; while, in the latter 
case, the place of observation would nearly keep up with the 
shadow. And the respective widths of the shadows being, for 
the 3rd Satellite about 2,430 miles, and for the 2nd about 
1,450 miles, a total Solar eclipse might, in the one case, last 
for fully f rds of an hour, or for more than 40 minutes (2,430 
miles being rather more than §rds of 3,500 miles) ; and in the 
other case for about half an hour, 1450 miles being about one- 
half of 3,000 miles. 

For the Ist Satellite, the speed of the shadow would be 
nearly 40,000 miles per hour, ue.y quicker than the rotation- 
speed of an observer by nearly 12,000 miles, over whom the 
shadow of fully 2,000 miles in width would therefore pass in 
about ^th of an hour, or 10 minutes. 

It is a useful and interesting exercise in arithmetic to work 
out the simple proportions required for the above calculations.* 

* We append a rough calculation for the case of the 2nd Satellite, 
illustrated by Fig. LXXIX., in which, however, the necessities of the 

/^"""X fee OiM Sun ^ j 

/i^ — . .-•«—.«.« 

Fiff. LXXIX.— Diameter of the shadow of the Snd Satellite of Jupiter where it meete 

the Planet. 

space at our disposal have forced us very much to distort the relations of 
size and distance in the bodies involved. The most important point in the 
calculation is, however, accurately indicated in the figure, viz., that JW is 
about two-thirds of scL Let the straight lines terminated in arrows be 
supposed, at a distance of some 484,000,000 miles from Jupiter, to pass 
through s and D, the extremities of the Sun's diameter. Let 9d be the 
Satellite's diameter, and sjxi its shadow. Then 9d, being about 2,100 
miles, is about a T^th part of SD, the Sun's diameter. Therefore sp is 
about T^^th of 8p, or ybth of s«, t.e, T^rth of about 484,000,000 miles ; 
or about 1,213,000 miles. Let jw be the width of the shadow upon 
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Of course, in doing so, allowance must be made for the fact that 
an observer upon the surface of Jupiter would be nearer than 
the centre of the planet to a Satellite seen, according to our 
supposition, in his zenith. We cannot now consider what 
further complications might be involved at places more or less 
north or south of the planet's equator; or how the eclipses 
would be affected by the altered speed and shape with which 
the section of shadow, as it gradually travelled off the disc, would 
pass over localities from which the Sun and the Satellite would 
be seen at a less and less elevation above the horizon. Some 
very remarkable effects might doubtless result, and a consider- 
able lengthening of duration might occur. 

It is, however, at all events worth notice, that an observer 
upon Jupiter would have a great advantage over one upon the 
Earth, in the much greater frequency with which total Solar 
eclipses would occur. Every 42 and 85 hours, respectively, the 
shadows of the 1st and 2nd Satellites would pass across a zone 
of the surface of about 2,000 and 1,450 miles in width ; while 
that of the 3rd, although less often, would do so once in every 
172 hours, and would be of the greater width of some 2,400 
miles. 

The 4th Satellite is, as we have previously mentioned, the 
only one which can pass through the position of new moon 
without casting its shadow upon the planet. In fact, it may 
travel so &r from the plane of Jupiter's orbit, and from the 
ecliptic, that we may occasionally see the Satellite pass above 
or below the disc, while the shadow is in transit across it ; or 

Jupiter, then at equals the diBtance of the Satellite from Jupiter, which 
is 417,000 miles, diminished by the radius of Jupiter, which is about 
44,000 miles. Therefore «J equals about 373,000 miles. Subtracting this 
from 1,213,000, the previously obtained value of «p, we have for that of 
jp about 840,000 miles. And jw wiU be the same fraction of 9d (which 
latter is 2,100 miles) that jp is of sp. Therefore JW is ^ttfftt^ of Mf, or 
rather more than | of 2,100 miles, i.e., about 1,450 miles. As the whole 
circumference of the Satellite's orbit is about 6f times 417,000 miles, or 
about 2,620,000 miles, round which it travels in 85 hours, we also easily 
obtain (by dividing 2,620,000 by 85) for the speed with which the shadow 
will sweep across the surface of Jupiter, about 31,000 miles per hour, as 
is stated above. 
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it may be that both the shadow and the Satellite escape a 
transit. 

But, notwithstanding the comparatively small number pro- 
duced by the 4th Satellite, we can hardly feel otherwise than 
envious when we think of the occurrence of so many and such 
prolonged Solar eclipses. If we could study the beautifol 
phenomena which we see so rarely, and in general for only 
3 or 4 brief minutes at a time, every two or three days, and at 
our leisure gaze at them for some 10 or 20, or even 40 consecu- 
tive minutes, how much might we discover as to the various 
envelopes of the Sun, or as to the existence of multitudes of 
meteorites, or of a limited number of intra-mercurial planets 
in its immediate vicinity I 

To. proceed, however, with the actual phenomena of the 
transits of the Satellites and their shadows which may be 
observed from the Earth, we may remark that, if Jupiter is 
seen exactly, or very nearly, in Opposition to the Sun, it is, of 
course, possible for a Satellite and its shadow to be visible 
almost upon the same spot, apparently overlying one another^ 
upon the disc. At least one instance * has been seen of the 1st 
Satellite thus so nearly occulting its own shadow as to leave 
only a crescent-shaped portion of it uncovered. An observation 
by Mr. F. M. Newton is also recorded in the English Mechanic 
of February 9th, 1872, when the 1st Satellite was seen super- 
]posed upon its shadow. 

The transits of the shadows are in general much more dis- 
tinctly visible than the transits of the Satellites themselves. 
This is only what might be expected, as it may be easily 
understood that a dark black spot is more noticeable than the 
small bright body of the Satellite in contrast with that of the 
planet, which is also for the most part bright. Inasmuch, how- 
ever, as the planet's disc is not so bright near to its circum- 
ference as in the more central parts, the Satellites in general 
appear to be brighter than the disc when they are entering 
upon it and leaving it, but when about one-fourth or one-third 

* By Mr. G. D. Hirst, of Sydney, N.S.W., on May 13th, 1876. See 
English, Mechanic, August 11th, 1876. 
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of the way across they are usually lost in the greater bright- 
ness of the surrounding surface. 

All sorts of variations, however, take place in the phenomena 
observed during the transits. Sometimes the 3rd and 4th 
Satellites, and occasionally the 1st, seem to be nearly as dark 
as their shadows ; sometimes they look bright in comparison 
with the background of the disc throughout their journey 
across it. Moreover, the same Satellite appears to reflect dif- 
ferent amounts of light while in transit on different occasions ; 
and this is the case even when the part of the planet's disc 
upon which it is seen shows no indications of any decided 
change in brightness. 

When, however, we bear in mind that, at one time, the back- 
ground against which a Satellite is thus seen may be a bright 
zone, and at another a dusky, or a veiy dark, belt of the planet, 
it may easily be understood that it is well-nigh impossible to 
<3ompare them when in transit systematically one with another, 
so as to form a correct judgment as to any periodicity 
in their changes of brightness, such as might be possible if 
they passed over an uniformly illuminated portion of the 
planet. Upon the whole, the 3rd is that which seems most 
inclined to appear dark, while the 2nd most fully keeps up 
its reputation for brilliancy. 

In connection with this statement we may remark that not 
only did Gralileo notice from the first, as we have mentioned 
in the beginning of this lecture, variations in the light of the 
Satellites in different parts of their orbits when not in transit ; 
but Bianchini, so early as a.d. 1 714, also mentions the same fact, 
And states that he sometimes observed the 4th to be so faint as 
almost to be invisible. Moreover, it is well known that Sir 
W. Herschel, after a series of careful observations, concluded 
that the changes of brightness, exhibited by all the Satellites, 
corresponded to their positions in their orbits round the 
planet. 

If so, the probable conclusion would be, that they rotate 
upon their axes, as is the case with the Earth's Moon, in times 
«qual to those in which they revolve round Jupiter, the 
variations in their light being caused by the brighter or darker 
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j)ortions of their surfaces which are periodically turned towards 
the Earth. 

Nevertheless modern observations, except in the case of the 
4th Satellite,* have hardly confirmed this conclusion, as may be 
seen by a reference to the elaborate investigations of Professor 
Engelmann, of Leipzig (see Monthly Notices R. A. S., vol. 
xxxiii., page 472 ; and vol. xl., page 169). It may, however, 
be the case that a general absence of spots or darker portions 
upon the 2nd, which would agree with its usual brightness 
when in transit, and a general prevalence of them upon the 
3rd, which would account for its general darkness under 
similar circumstances, may simply make HerschePs supposed- 
law of rotation harder to detect in their case than in that of 
the other two, so that it may still really hold for all the four. 

But, apart from any such periodic effects which may arise 
from their rotation, their light undoubtedly exjiibits other and 
very irregular changes. These, we think, may most probably 
be assigned to clouds and vapours in their atmospheres, some 
other indications of the existence of which have also from 
time to time been noticed during their transits. 

One of the most recent statements which we have met with 
upon the subject is to be found in " Les Terres du Ciel," by 
Flammarion, page 511. It is deduced from observations made 
in 1873, 1874, 1875, and 1876, and is as follows: — In intrinsio 
brightness for equal surfaces the order of rank is I. (the 
brightest), 11., III., IV.; t although, possibly the 2nd sometimes 
seems slightly to surpass the 1st. As to variability of the light, 
the order is IV. (the most variable), I., II., III. ; the light of 
the 4th varying from that of a 6th to that of a 10th magnitude 
star. On March 25th, 1874, M. Flammarion mentions that a, 
specially remarkable contrast was exhibited. The 2nd Satel- 
lite appeared white ; the 3rd, dark grey ; the shadow of the 

* Possibly in the case of the Ist Satellite also. 

+ As the Ist appears, in general, to exhibit the best light-reflecting 
power, we may observe in passing that in all probability, it possesses the 
most cloudy atmosphere of the four. Compare Lectare YI., pp. 148 and 
149 ; and Lecture YII., p. 165, as to the reflecting power of clouds in the 
atmospheres of Mercury, Venus, and Jupiter. 
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2nd, grey ; and that of the 3rd, black ; when in transit at the 
same time. 

And here we may appropriately draw attention to an important 
class of observations which have from time to time been made ; 
viz., that the Satellites are occasionally seen, so to say, through 
the edge of Jupiter's disc, for a short interval after they should 
be, or have been, occulted. Whether this is an optical delusion, 
or a result of some diffiractive effect of the lenses of the tele- 
scope, or caused by the refraction of Jupiter's atmosphere, we 
can hardly say. It may, however, be the case, that move- 
ments or disturbances in the vaporous envelope of Jupiter 
occur, sufficiently vast and rapid to distort the edge of the 
disc, suddenly, and to such an extent, that we continue to see 
a Satellite when it would otherwise have passed to a short 
distance behind it ; or that there are occasionally movements 
in the contour of these vapours so exceedingly violent that 
they even permit the apparent reappearance of a Satellite 
shortly after its occultation ; * so that, aftier going behind the 
planet's disc, it seems to have come back again to some dis- 
tance outside its edge. Some very interesting observations 
bearing upon this question have of late been made by Mr. 
Todd, at Melbourne, Australia. Since, however, irregularities 
in the contour of the planet, when independently and very 
careftdly watched for, have been very rarely, if ever, certainly 
detected, we must consider this question to be at present 
undecided. 

It may easily be understood from our preceding statements 
that it is possible that Jupiter may sometimes appear to an 
observer upon the Earth to be without any Satellites at all, 
inasmuch as three of them may be occulted or eclipsed, and 
one invisible while in transit. Or there may be two in transit, 
and two eclipsed, and so on. Some remarkable and very 
interesting instances of this kind have been recorded. One 
so long ago as 1681, when the planet was thus seen by 
Molyneux ; another on May 23rd, 1802, by Sir W. Herschel ; 
another on April 15th, 1826, when this condition lasted for 

* See the well-known obeervations of Admiral Smyth and two other 
astronomers recorded in his " Celestial Cycle/' vol. i., page 184. 
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two hours ; another on Sept. 27th, 1843, when it continued for 
thirty-five minutes; another on Aug. 2l8t, 1867, lasting If 
hours (see vol. vi. Papular Science ReviefCj page 248). The 
next occasion will be on Oct. 15th, 1883. It will, however, 
only last for nineteen minutes, and will be between the 
somewhat inconvenient hours of 56 minutes past 3, and a 
quarter past 4 a.m. (see the Observatory of March 1880, 
page 367). 

We need not here discuss the attempts that have been made 
to determine the distance of the Earth from the Sun by obser- 
vations of the Eclipses of these Satellites, the principle in- 
volved having been sufficiently explained in Lecture I., pp. 13 
and 14. We will therefore only recall to the memory of our 
readers that, when Jupiter is at its nearest to the Earth, the 
eclipses occur about 8^ minutes sooner than they would if it 
were at its mean distance, and 8^ minutes later when it is 
at its furthest distance, the discrepancy depending upon the 
velocity of light, which takes about 997 seconds, or very nearly 
16J minutes, to traverse the diameter of the Earth's orbit. 

It being in these days possible by other means to determine the 
velocity of light, it follows that the observation and calculation 
of the eclipses of Jupiter's Satellites, if effected with constantly 
increasing precision, may, in course of time, give us a value for 
the Sun's distance from the Earth of great accuracy, and con- 
sequently of great importance. 

On the other hand, the historical interest of the Satellites is 
much increased by the fact that, originally, by a reverse process, 
it was the discrepancy in the observed, from the calculated 
times, of the occurrence of the eclipses, which led to the dis- 
covery, by BOmer, in the year 1676, that light possessed a 
measurable velocity, and that a value might be obtained for 
it upon the* assumption that the diameter of the Earth's orbit 
was known. 

The occultations and eclipses of the Satellites may also be 
employed for an approximate determination of the longitude 
at sea, or elsewhere, inasmuch as they are seen to take place 
at the same instant of time from every spot upon the Earth. 
They therefore inform an observer of the Greenwich time of 
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their occurrence, by the comparison of which with local time 
the longitade may be immediately deduced. More exact methods 
(the eclipses not being of a sufficiently instantaneous character) 
are, however, necessary when much precision in the longitude 
is desired. 

To conclude our discussion of these four far-distant Moons, 
we may remind our readers of the proof which we gave, in Lec- 
ture III., pp. 58-61, that the Moon's orbit is always concave to 
the Sun ; and we may mention that we have been asked more 
than once, during the delivery of this course of lectures, whether 
this is also the case with the orbits of Jupiter's Satellites. It 
is easy to see that it is otherwise. In the case of our own 
Moon we showed that the Earth would draw it when new about 
i^ths of an inch in a second of time out of a straight line, 
towards itself, and away from the Sun, while we found that the 
Sun would draw both the Earth and the Moon through nearly 
^ths of an inch per second in the opposite direction ; the result 
being that the Moon is at such a time drawn not quite y\^th of . 
an inch in a second away from the Earth, while it travels in 
company with it through a distance of about 94,500 feet around 
the Sun. The Moon's orbit is therefore concave to the Sun 
when the Moon is new; and when it is full, since both the 
Earth and the Sun pull it in the same direction, towards the 
latter, the concavity is still more marked. 

But if we consider the outermost Satellite of Jupiter when 
it is in the position of new moon, we find, that Jupiter's power 
over it is sufficient to draw it about ^ths of an inch towards 
itself in a second, while the Sun would only draw it about 
^^ths of an inch in the opposite direction. At that time, 
therefore, the orbit must be concave to Jupiter, and ccmoex to 
the Sun. And the power of Jupiter over the three inner 
Satellites being greater still, their orbits will, when they 
are new moons, be still more eom>ex to the Sun than that of 
the 4th. 

Let us investigate this statement a little fiirther; and, to 
begin with, let us notice that the orbital velocity of Jupiter 
round the Sun, of which the Satellites partake in addition to 
their own velocities round the planet, is rather less than 29,000 
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miles per hour, while those of the Satellites in their respective 
orbits round Jupiter are, — for the outermost about 18,500 miles 
per hour; — ^fdr the 3rd about 24,500 miles; — for the 2nd 
about 31,000 miles ;— for the 1st about 39,000 miles. The 
two innermost will therefore, when new, and in their nearest 
positions to the Sun, be really moving backwards in comparison 
with the onward motion of Jupiter.* This may be seen by 
a comparison of the arrows which refer to Jupiter, and to the 
Satellites respectively, in Fig. LXXVIII. 

It will be remembered that the velocity of the Earth's Moon 
in space varies so little that it only changes from about 64 to 
68 thousands of miles per hour, the orbital velocity of the 
Earth being about 66,000, and that of the Moon around it 
rather more than 2,000 miles per hour, which latter velocity 
(see Lecture III., p. 60) is alternately added to and subtracted 
from the former. But the onward velocity of the outermost 
of Jupiter's Satellites, when in the position of full moon, will 
equal the sum of Jupiter's orbital velocity of 29,000 miles per 
hour, and its own velocity of 18,500 miles per hour round 
Jupiter ; while as a new moon its onward speed will only be 
equal to the difference of the same two velocities. It will 
therefore vary from about 47,500 miles to about 10,500 miles 
per hour. In like manner, that of the 3rd will vary from 
53,500 miles to about 4,500 miles per hour ; while, as we have 
just remarked, the 2nd will have an onward velocity of 60,000 
miles as a full moon, changed to a retrograde velocity of about 
2,000 miles per hour as a new moon ; and the 1st will change 
an onward velocity of 68,000 miles for a hackroard velocity of 
about 10,000 miles per hour, when similarly situated. 

It results that the path in space of the 4th Satellite 
during one of its months of about 16f days is as shown in 
Fig. LXXX. ; and that of the Ist, during its much shorter 
month of about 42^ hours, as in Fig. LXXXI. ; the former 
path having its convexity towards the Sun when the Satellite 
is a new moon ; while the path of the latter, under similar 

* The only other Satellites for which this is also the case are the four 
innennoet of Saturn. 
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circumstances, is not only convex, but is actually looped, owing 
to the retrograde motion of the Satellite. It may also be 
noticed, that, in each case, the degree of convexity in the path 
at the time of new moon is actually greater than the degree 
of concavity at the time of full moon, although Jupiter and 
the Sun are pulling against one another in their attractions 
upon the Satellite in the former case, and conjointly in the 
latter case. This arises from the fact that the actual velocity 
of the Satellite through space, when it is a ftdl moon, is so 
much greater, that even the joint attraction of the Sun 
and Jupiter is not sufficient to curve the path so rapidly, as 
it IS curved by the diflference of their attractions when the 
Satellite is moving so much more slowly through space as a 
new moon. 




Fig. LXXZ.— The actual path of the 4th Satellite of Jupiter in space 
during one its months. 

In Fig. LXXX., j^Ji represents a distance of not much less 
than 12,000,000 miles which Jupiter travels while the 4th 
Satellite rotates once round it, from the position of full moon 
at M„ through that of new moon at Mg, on to that of full moon 
again at m^. The distance from Jupiter to the Satellite being 
about ^th of J9J1, we divide this latter into a certain number 
of parts, as in the figure, in which the points J9, Jg, J^, etc., 
apportion the whole length into eight equal parts. Then from 
each of these eight points we measure a distance equal to 
^th of JjJi to the respective points m^, Mg, M7, etc., which will 
give the corresponding positions of the Satellite as Jupiter 
travels onwards, provided that the directions of JaMa and JjM, 
be directly from the Sun ; that of J5M5 directly towards it ; J7M7 
and J3M3 perpendicular to these two last-named directions, or 
nearly along the path of Jupiter itself; and JgHg, JeM^, J4]i4, 
j^M, at angles of 45 degrees to that path. A curve drawn 
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through the points m^, Mq^ M7, etc., indicates the aetnal path 
of the Satellite in space^ which is evidently of the form shown 
in the diagram.* 

Fig. LXXXI. is drawn in a similar manner for the Ist 
Satellite^ only upon a much larger scale, so that j^Ji, which is 
the distance travelled by Jupiter in about 42^ hours^ only 
represents about 1,240,000 miles ; while the distance from 
Jupiter to this Satellite is about 262,000 miles; i.e.^ about 
^, or not quite |th of J9J1. With this exception the method 
by which the actual path of the Satellite is obtained is the 
same as in Fig. LXXX. It is evident, as would also follow 




Fig. LZXXI.— The actual path of the let Satellite of Jupiter in space during 
one of its months. 

from our previous statement as to the retrograde motion of the 
Satellite when in the position of new moon (as at M5), that the 
orbit in space is looped as is shown in the figure. 

We have already exceeded the limits to which we intended 
to restrict our discussion of these four Moons. Our excuse 
must be, that in them and the planet round which they circle 
we have what we might almost be justified in calling a minia- 
ture Solar System. We have seen in our last lecture, that, the 

♦ It would have been better both in Figs. LXXX. and LXXXI. if 
the letters had been numbered from right to left, instead of from left to 
right, as the former direction is that in which in our previous figures we have 
taken Jupiter to move. The Sun is supposed to be situated beneath each 
diagram. 
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more closely we investigate the huge primar}'' to which they 
belong, the more details we discover to reward our zeal. In 
this lecture we have endeavoured to show, that the study of 
the Satellites, although more difficult, and in some respects 
less encouraging, is hardly less instructive or important. If a 
new and more accurate set of tables of their places than we at 
present possess can ere long be constructed, and if instruments 
of the greatest possible power be applied to their observation, 
we think it probable that many matters connected both with 
them and with Jupiter itself, which we as yet regret our 
inability to explain, may be found to be full of information. 
The facts which now puzzle us may be the very facts which 
will teach us what the physical condition of the planet really 
is, or what mutual good offices Jupiter and its Satellites 
perform for one another. 

We may some day be able to discuss upon much better 
grounds than at present the possibility, or otherwise, of the 
hypothesis, that they may be worlds peopled by inhabitants 
who may look upon Jupiter as a Sun with four attendant 
planets, rather than as a planet with four attendant Satellites 
journeying round a far-distant Sun. 
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LECTURE XIV. 

THE PLANBT SATURN. 

" But farther yet the tardy Saturn lags, 
And five* attendant luminaries drags ; 
Investing with a double ring his pace, 
He travels through immensity of space." 

Chatterton (" On the Copemican System "). 

At a mean distance from the Sun almost exactly 400 millions 
of miles beyond the orbit of Jupiter, we find another planet 
more fascinating and more marvellous still. Or it may be 
that we should rather say another planetary system, for 
Saturn with its eight attendant satellites and appanage of 
ring outlying ring may well be so termed. 

There is perhaps no more beauteous sight in the whole 
heavens than that of the Saturnian system in a telescope of 
considerable power. The planet itself surpasses all the rest 
in a certain calm distinctness which seems to be inherent in 
its image ; while in the peculiar form of the rings, with the 
mighty globe balanced within them, and in the never-ending 
variety in the positions of the satellites, there is a charm that 
no pen can describe. The most experienced observer never 
wearies of such a sight. 

True it is, that we cannot distinguish nearly so much detail 
of belt, or spot, or physical condition upon Saturn, as upon 
Jupiter, owing to its smaller size and its much greater distance 
from the Earth. Several parallel bands, or markings, of lighter 
or darker colour, are, however, frequently seen on its disc ; two 
at some distance on either side of the equator being generally 

* The naihber known when Chatterton wrote the above lines, soon 
after the middle of the 18th century. 
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of a brownish hue, while the polar regions, as a rale, are bluish. 
Spots are rarely visible upon it. Nevertheless some, both dark 
and light, have at times been sufficiently distinct and permanent 
to aiford a determination of the period of the planet's rotation 
upon its axis. In this way Sir W. Herschel obtained for its 
duration 10^ 16". But the best determination yet made is by 
Professor Asaph Hall, from a white spot visible during nearly 
a month, beginning with December 7th, 1876, which gave a 
result 1" 36« less than Herschel's, viz., 10»» 14°» 24». 

Next to the appearance of the planet's disc we feel tempted 
to proceed at once to discuss its wondrous rings, — so marvellous 
in themselves, so utterly unlike what we see in any other mem- 
ber of the Solar System. But we must first pause for awhile 
to mention, as briefly as possible, some of the accurate measure- 
ments of the size and shape, the weight and orbit, of Saturn, 
which, in spite of its vast distance, the perfection of modern 
instruments has secured. 

The ball, or sphere, of this great planet measures (iapart from 
the rings) about 74,000 miles in its e^uatoreal diameter. But 
its polar diameter is less by between ^th and y^^^ P^ » the 
proportionate compression at its poles being nearly twice as 
great as in Jupiter, but not so striking, owing to the smaller size 
of its apparent disc, and possibly from the effect upon the eye 
of the contour of the rings. 

The surface of the globe of Saturn is fully 80 times, and its 
volume about 750 times, that of the Earth. It will be remem- 
bered that, in the case of Jupiter, the corresponding numbers are 
respectively about 120 and 1,300. Consequently the apparent 
volume of Saturn is not very much more than one-half of that 
of Jupiter. We must not, however, forget that our remarks, in 
Lecture XII., as to the difference which may exist between the 
size indicated by the visible disc and the real size of Jupiter, 
may also be applicable to Saturn. Our measurements are only 
of that which, after all, may be an outlying vaporous, or cloudy, 
envelope, within which a more solid and smaller globe may, or 
may not, exist. And in one respect this is all the more likely 
to be the case with Saturn, inasmuch as the average density 
of a globe extending to the boundary which we see, and of a 
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weight snch as that of the planet is found to be, would only be 
one-half as great as in the case of Jupiter ; while a globe of 
the same size, if of the average density of the Earth, would 
weigh more than eight times as much as Saturn weighs. 

The distance of the planet Saturn firom the Sun varies from 
about 837 to about 937 millions of miles, its orbit being 
slightly more oval than that of Jupiter, but only about ^rd as 
much so as that of the Earth. 

Its mean distance from the Earth, when in Opposition to 
the Sun, is somewhat greater than 790,000,000 miles ; Jupiter's 
being, under similar circumstances, about 390,000,000 miles. 
K its globe were of the same size, it would therefore appear, at 
such a time, to be of about one-half of the diameter of that 
of Jupiter, but, being smaller in itself, its apparent width is 
reduced to rather less than y^ths of Jupiter's, while in area 
its disc barely exceeds Jth of that of its larger neighbour. 
A magnifying power of 120 (ue., in linear dimensions), when 
applied to a telescope, therefore only enlarges the disc of 
Saturn to the same size as that to which the disc of Jupiter 
is enlarged by a power of 50 ; and of course the same propor- 
tion holds in the case of higher powers. But the apparent 
width of the image of Saturn, from the extreme boundary ol' 
the rings on one side across the planet's disc to their extreme 
boundary on the other side, is about the same as the apparent 
width of the orb of Jupiter. 

Without attempting to recollect all the above statements, 
it may, perhaps, be well to commit to memory some such 
approximate and simple numbers as the following: — The 
Earth's diameter is about 8,000 miles ; Jupiter's equatoreal 
diameter is about 88,000 miles, i.e,, about 11 times the Earth's ; 
Saturn's equatoreal diameter is about 74,000 miles, ue., fully 
9 times the Earth's ; the diameter of the external contour of 
the rings is nearly 170,000 miles, or about 21 times that of the 
Earth. 

We will now ask the attention of our readers to a beautiful 
drawing, in Fig. LXXXII., of Saturn and its rings, as seen 
in a powerful telescope. It was sketched by Mr. De La Rue, on 
March 27th and 29th, 1856, when the appearance of the rings 
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closely resembled that which they will have in the year 1885. 
Apart irom some minor divisions, it is clearly shown in this 
figure that there are two principal bright rings divided by a 
very decided dark gap. These are generally termed the rings 
A and B ; a being the ftirther of the two from the ball of the 
planet. Within these two bright rings a much fainter dusky- 
looking ring is seen, which is called the ring o. 

We much regret that the enormous distance of Saturn from 
the Earth makes it impossible to study these interesting append- 
ages with the minuteness which is desirable. Great assistance 
has, however, been derived from the ever-varying aspects under 
which they are seen at different times. Sometimes they appear 
as a very thin line of light, so that we have heard little children 
exclaim, when looking through a telescope, that the planet was 
like a ball with a knitting-needle stuck through it ', At other 
times they are seen so widely opened out that their narrower 
diameter, as in Fig. LXXXII., exceeds that of the planet, 
when they consequently more or less surround it on all sides.* 

Nor is it difficult to account for these changes of appearance, 
which are known as the phases of Saturn's rings. TThe rings 
lie very nearly in a plane, their thickness perpendicular to 
which is very small, and the planet is very nearly in their centre. 
If then their shape in the plane in which they lie be supposed 
to be circular (and it certainly is approximately so), it is clear 
that they would appear to us as circles surrounding the ball 
at a certain distance from it, provided their plane were at right 
angles to our line of sight. On the other hand, if at any time 
we should look at them edgewise, it foUows, from the laws of 
perspective, that their apparent form would be reduced to that 
of a very thin straight line of light, which would extend to a 
certain distance upon each side of the planet, and probably be 
imperceptible in the portion to which Saturn's bright disc would 
form a background. At their great distance it might even be, 
that the whole of this line of light would appear sa thin that 
its thickness would be inappreciable, and consequently invisible, 
to an observer looking airit&m^rffy^edgewise. 

* At the present time, a.d. 1882, thjy are gradaally approaching this 
appearance. 
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THE PLAKET SATURN. 359 

Under intermediate conditions the circalar form of the rings 
would be seen, by the effect of perspective, as a more or less 
oval ellipse, according to the angle at which their plane might 
be inclined to the direction of the observer's gaze ; the major, or 
larger, axis of the ellipse always remaining constant in magni- 
tude ; the minor axis gradually increasing, or diminishing. 

Now observation shows that the plane of the rings is inclined 
at an angle of about 27"^ to the plane of Saturn's orbit, and 




Fig. LXXXUL*— The phases of Satam's rings. 

that it always retains a parallel position in space, while Saturn 
travels round the Sun with a speed barely one-third of that of 
the Earth in its long journey of nearly 29^ years' duration. The 
rings, if seen from the Sun, would therefore present in succes- 

* This diagram is partly copied, by Mr. Bentley's kind permission, from 
one in the English edition of " The Heavens," by Guillemin. The irregu- 
larity in the intervals indicated in it, «.^., 1885 — 1891, 1891—1899, between 
each of which Saturn describes the same angle of 90*" around the Sun, is 
partly due to the different months in each year (see page 360, lines 4-8) 
to which the positions of the planet correspond, but principaUy to its un- 
equal velocity in its orbit ; its maximum speed occurring when it is in 
perihelion, in the year 1885 ; it? minimum when in aphelion, in the year 
1900. 
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sion the appearances shown in Fig. LXXXIIL dnring the 
above-mentioned period. 

Twice in the 29^ years, as in February 1878 and October 
1891, they would be looked at edgewise, and would be rednced, 
as we have stated, to a very fine line, or for a few hours be in- 
visible. Twice, as at the beginning of 1885 and in the middle 
of 1899, they would be seen in their most fully opened appear- 
ance, when they would, however, stiU fidl short of a circular 




Tig. LXXXIV.— The plane of Batnm't rings sweeps across the Earth's orbit, bsiSsKj, 
while Saturn is traveUing from c to d. When Satom is at ▲ the plane of the rings 
passes through the Son. 

contour, the greatest ratio of the minor to the major axis of 
their apparent form being as 45 to 100. It is also to be noticed, 
as is shown in the figure, that during one-half of the time, 
or for about 14| years, the Sun would illuminate the northern 
surface of the rings ; and during the other half of the time 
their southern side. 

The view of the rings obtained by an observer upon the Earth 
does not in general differ much from that which would be seen 
from the Sun. Some slight allowance must be made for the 
fiujt that the Earth's plane of motion round the Sun (or, in 
other words, the ecliptic) is slightly different from the plane 
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in which Saturn mo7es. And the alternate incrieiase and de- 
crease of the Earth's distance from Satnrn, as well as the some- 
what different directions in which the rings may be viewed from 
the Earth and from the Sun resp^tively, mast be taken into 
consideration. Notwithstanding these slight differences, we 
are, however, justified in saying that the appearance is in 
general very much the same as it would be from the Sun. 

But we must ask oar readers carefully to notice that we 
specially emphasize the words " in general.*' The statement 
above made has one important exception. In fact, it ceases 
to be true near to those times when the rings would be seen 
edgewiaefrom the Sun, 

The diagram, in Fig. LXXXTV., shows that, at such times, 
the exact edgewise view from the Earth would only concur 
with that from the Sun, if the Earth should happen to be 
exactly in BVLch. a position, e, in its orbit, that it would be in the 
straight line, ass, joining the planet, a, and the Sun, s, at the 
very epoch, when the plane of the rings is passing through the 
latter, and an observer upon it would look edgewise at them. 
But such a coincidence in the relative positions of the Earth and 
of the Sun is very unlikely to occur ; and it is consequently found 
to be necessary, in order to discover what may happen near to the 
date of a passage of the plane of the rings through the Sun, to 
allow both for the position and for the movement of the Earth 
in its orbit during several consecutive months, as well as to 
take into consideration the corresponding movement of Saturn. 

In doing so, and in studying the meaning of Fig. LXXXIV., 
the first thing to be noticed is, that the interval, during which 
a passage of the plane of the rings through the Earth may 
occur near to the time of one of its periodical passages through 
the Sun, is limited by the length of time which that plane, 
while sweeping through space ever parallel to itself, occupies 
in passing across the Earth's orbit, ebiEsEs.* During that 

* We shall, thronghout this explanation, suppose the plane of the 
Earth's orbit to be extended so as to reach as far as Satam is from the Sun, 
and the plane of the rings to be extended so as to pass across the Earth's 
orbit. The intersection of the two planes will consequently be a straight 
line reaching from Saturn to the further side of the orbit of the Earth. 
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interval the plane of the rings, if extended far enough, wocQd 
pass through the Earth (as the figure shows) whenever the 
direction of the straight line joining the centres of the Earth 
and Saturn might lie in it. This would be the case, for in* 
stance, if the Earth were at b, and Saturn at the same time 
at c ; or if the Earth were at Ei and Saturn at d ; or if the 
Earth were in any intermediate position at Ef, and Saturn at 
the «ame time at f. 

It is, moreover, evident that the time in which Saturn passes 
through this critical portion of its path, from c to d, is very 
nearly equal to that in which it travels through a distance equal to 
the diameter of the Earth's orbit (t.^., through about 186,000,000 
miles), since cd is, except for the curvature of the path, equal 
to.EiSEj. It maybe very easily calculated that this time is 
rather more than a year. 

It is also an important fact, as a little further consideration 
will show, that it is only during such an interval that the Sun 
and the Earth can ever be on opposite aides of the plane of 
the rings. At all other times, whether it be the north side or 
the south side of that plane which is turned towards the Sun 
and is illuminated by it, that same side will be seen by the 
Earth. But if, for instance, the Earth were at e,, and Saturn 
at the same time at f in Fig. LXXXIV., the bright side of 
the rings, 2.^., the side upon which the Sun would be shining, 
would be turned away from the Earth. Or, to take anotlier 
example, let us suppose Saturn to have passed somewhat 
beyond a in the same figure, and the Earth to be approaching 
E. The Earth and the Sun would be both upon the same side of 
the rings, and we should see their bright side. But the Earth 
might soon afterwards have nearly overtaken their plane, and 
be about to pass through it. The shorter diameter of the 
rings would then become narrower and narrower, until at last 
they would be seen as an extremely fine straight line. Then, 
directly after the actual passage of the Earth through their 
plane, their dark side would be turned towards us, and they 
would become invisible. And this state of things, as we shall 
presently show, may sometimes last for several consecutive 
months, until the plane of the rings again passes, either through 
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the Sun or the Earth, so that both are upon one and the 
same side of them again. 

The explanation of the variations in the succession and in the 
number of the disappearances of the rings, which may at such 
times occur, is very instructive. And, if given in a somewhat 
rough and approximate form, it need not involve any mathe- 
matical calculations. We therefore hope that our readers will 
endeavour to follow it by the aid of Fig. LXXXV.-, in which 
EiEjE^Ea, etc., represents the Earth's orbit round the Sun. 

Now we have already seen that, as Saturn revolves in his 
much larger orbit (a small portion only of which is drawn), 
the intersection of the plane of its rings with that of the 
Earth's orbit will sweep across the latter, at intervals of rather 
less than fifteen years, like an enormously long straight line, 
moving always parallel to itself. It will so pass in the direc- 
tion indicated by the arrows in the diagram, while Saturn is 
moving from C to d ; and in the opposite direction while Saturn 
is in a portion of its orbit which may be supposed to be drawn 
at an equal distance on the left of that of the Earth, although 
for convenience it is omitted in the figure. The time which 
Saturn takes to go from c to d (or through the corresponding 
and opposite portion of its path) is about thirteen months. 
During this time the Earth travels rather more than once 
round its own orbit in the direction, shown by the arrows. We 
must also remember that, when the line in question sweeps 
across the Earth, or, in other words, when the Earth passes 
through it, we see the rings edgemse^ and the Earth also 
passes from one side of their plane to the other. And when 
the line of which we are speaking sweeps across the Sun, the 
Sun shines edgewise upon the rings, after which it begins to 
illuminate the opposite side of them to that upon which it 
was previously shining. Moreover, whether their plane pass 
through the Sun or through the Earth, they are, in either case, 
apparently reduced for a while to the finest conceivable line of 
light, which may even be so fine as to be invisible. 

We may investigate all possible varieties that can occur in 
the succession of such phenomena by supposing the Earth to 
occupy various different positions in its orbit, in Fig. LXXXV., 
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at the time when^as is there shown, the intersection of the plane 
of the rings begins gradually to move across the circle EiE,, etc. 
For instance, let us first of all suppose the Earth to be in such 
a position as Ei when Saturn is at c. By about the time that 
the Earth has reached Ej Saturn will be at s,, and the Earth 
will pass through the plane of the rings, so that they will dis- 
appear. And not only so, but the Earth will now be upon the 
opposite side of them to the Sun, and will therefore look at 
their dark side. They will consequently remain invisible until 
Saturn having reached s,, the Earth will have advanced to 
such a position as Eg, where it will cross their plane again, so 
as to see their bright side once' more. But very soon after this, 




Fig. LXXXV.-^The di«appeAranoea and reftppearancM of Saturn's rin^B. 

Saturn having reached S4, their plane will pass through the 
Sun, and the Sun will immediately afterwards be on the oppo- 
site side of the rings to the Earth, the Earth having in the 
meanwhile sped on to such a position as E4. They will conse- 
quently not only disappear for the moment as their plane passes 
through the Sun, but they will once more remain invisible for 
a while, because their dark side will be again turned towards the 
Earth. At some date before the completion of a year from the 
beginning of the time which we have been considering, Saturn 
having reached 85, the Earth (when in such a position as E5) will 
pass through the plane of the rings again, and having now 
attained the same side of them as the Sun, will see their bright 
surface once more. 
In the above case, during the period considered, it is evident 
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that the Earth would go through the plane of the rings three 
times^ while that plane would also pass OTice through the Sun. 
There would be two disappearances of the rings^ and two re- 
appearances, with intervals of invisibility between. Such a 
series of events actually occurred in the few months succeeding 
November 1.861. 

But, if the Earth should happen to be in such a position as 
Eg, when Saturn arrives at c, then in half a year's time it would 
be at B7, while the plane of the rings would have nearly reached 
the Sun, Saturn now being somewhere near to S3. Very soon 
their plane would pass through the Sun ; and they would not 
only momentarily disappear, but, the Sun and the Earth being 
now upon opposite sides of them, the Earth would look at their 
dark side, and they would continue for a while invisible. The 
Earth, however, would evidently soon afterwards pass through 
their plane, and they would then reappear, because it would 
once more see their bright side. In a yelfcr's time the Earth 
would get to Ee again ; and, in about another month, Saturn 
having reached d, the plane of the rings would have passed 
beyond the Earth's orbit, and no more passages, either of the 
Earth through the plane, or of the plane through the Sun, 
would occur for 14, or 15, years to come. 

In such a case as this last, the Earth would only go once 
through the plane of the rings ; that plane of course, as before, 
also passing once through the Sun. There would be only one 
disappearance and one reappearance. Such a passage of the 
plane of the rings through the Sun took place on February 6th, 
1878, and of the Earth through their plane on March 1st of the 
same year. But the phenomena in question could not then be 
watched, because the Earth and Saturn were nearly in the 
same straight line upon opposite sides of the Sun at those dates ; 
or in other words Saturn was so near to Conjunction with the 
Sun, that it was impossible to look at it in the glare of the Solar 
light. In 1891, the next epoch of a disappearance, the same 
hindrance will unfortunately again obstruct our view. But in 
1907, a somewhat similar course of events to that of 1861 and 
1862 will take place, so that two disappearances and tn>o re- 
appearances will occur. This will be the next occasion upon 
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which it will be possible satisfactorily to observe the disap- 
pearance of the ring. 

Certain farther complications might arise in exceptional 
cases ; as, for instance, if the plane of the rings should pass, or 
very nearly pass, through the Earth and the Sun at the same 
moment; but such instances are so rare that we need not 
<Iiscuss them. 

It will, however, be a very useful exercise for the reader to 
work out what will happen if he suppose the Earth to start 
from various positions in the circle of its orbit, at the instant 
when Saturn passes through c. We hope that the two cases 
which we have discussed may suffice to show how any others 
may be treated, and how simple the explanation of so appa^ 
rently complicated a series of phenomena really is. 

Those who desire fuller information may consult Mr. Proctor's 
well-known work upon Saturn, in which he enters somewhat 
more elaborately into calculations than in many of his more 
recent astronomical treatises. He has there exhaustively dis- 
cussed the whole question. 

For a complete historical account of the successive discoveries 
of the rings, of their divisions and many interesting peculiar- 
ities, we refer our readers to Grant's " History of Physical 
Astronomy." We will only mention here a few of the prin- 
cipal episodes in the story. It is well known that Galileo 
Galilei wrote to Kepler in the year 1610, announcing a 
<liscovery connected with the planet Saturn in the form of a 
logogriphe, as follows : — 

*^ sniaiBinrmilmepoetaleuinibuiienugttaitiras/' 
which Kepler supposed to refer to Mars, and to be intended to 
represent the words : — 

*' Salve umbistinenm geminatum Martia proles I ** 
" Hail, twin companionship, children of Mars ! *' 

In fact, Kepler imagined that Galileo had discovered two 
satellites of Mars. But the real meaning intended was : — 

^* Altissimum planetam tergeminum obeerravi." 
^' I have observed the moat distant of the planets to have a triple form." * 



.* &ee ihe'' Sidereal Messenger of Galileo Galilei/* translated by Rev. 
E. S. Carlos, pp. 88 and 90. 
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This proves that Galileo had actnallj detected the ring, 
although in his telescope it appeared like two satellites or 
companions, one npon either side of Saturn. But in the year 
1612, when he looked at the planet, he no longer saw them ; 
and it is said that he vowed that he would never look for them 
again, for fear that he might find out that there had been 
something wrong with his instrument. 

Our readers will find in Newcomb's " Popular Astronomy " 
some interesting copies of ancient drawings from the Sy sterna 
Saturnium of Huyghens, which show how the older observers 
were puzzled by the above-mentioned triple appearance of the 
planet, which seemed to them (as they said) sometimes as if it 
had arms ot ears, and sometimes as if there were handles, or 
children, attached to it upon either side ; while at other times 
they saw it without any such additions, as though, according 
to their quaint description, Saturn had devoured his offspring. 

It was not until 1654 that Huyghens solved the riddle at a 
time when the rings disappeared ; upon which he published his 
well-known logogriphe: — 

"' wMMMMift coocc d 66666 g h liiiiii Ull mmnnnnnnnnn coco pp q rr s ttttt 
unnun ; " 

from which the following sentence may be formed : — 

'^Annulo dngitar, tenni, piano, nnsquam cobaerente, ad 6clipticain 
indinato;** 

or, in other words, ^^ The planet is surrounded by a slender flat 
ring, everywhere distinct from its surfitce, and inclined to the 
ecliptic."* 

In 1676, Cassini perceived that the ring apparently con- 
sisted of two concentric rings.t And somewhat more than a 

♦ S66 Grant's " History of Astronomy," p. 267. 

t In Admiral Smyth's '' G6l68tial Cycle/' vol. i., p. 51, it is stated that 
" Mr. William Ball and his brother. Dr. Ball, of Minehead, in Devonshire, 
first saw Saturn's ring double." It seems, however, that Kitchener, in his 
work npon Telescopes published in 1818 (which concludes with the quaint 
remark that, if any one thinks the book has not a page in it worth a &r- 
thing, he should remember that less than a farthing was paid for it^ as the 
whole 470 pages were offered for nine shillings) was the first to attribute 
the discovery to the Messrs. BaU. But an examination of the account of 
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century later, Sir W. Herschel, after more than ten years 
of careful observation, was convinced that, whether viewed 
from the one side or from the other, the division between the 
two rings was seen exactly in the same position ; and that it 
was a real break through which the dark background of the 
heavens was visible, and not simply a dusky shading upon the 
ring-surface. The two rings, thus divided from one another, 
are those which, as we have already mentioned, are now 
generally named a and b ; the outer being a, the inner b. 

But in the year 1850 a wonderftil extension of the system 
was discovered, inasmuch asProfessorBond, of the Cambridge 
Observatory, U.S., and Messrs. Dawes and Lassell, in England, 
detected aY^arrfring, closer to the planet than the other two, 
and of a most remarkable character. It is that which is 
now called the ring c ; its chief peculiarity being, that it has a 
dusky and obscure, although transparent, appearance, almost 
like that of gauze or crape, and such that the body of the 
planet can be seen through a considerable portion of it. Some 
time after its discovery in 1850, it was found that it had been 
noticed, so early as in 1838, to resemble a shadow where it 

their observation, which is to be found in vol. i. of the '* Philosophical 
Transactions," does not confirm their right to the credit of the discoTerj. 
They only noticed an apparent depression, or deformation, in the portions 
of the anssB which appeared joined to the planet, which possibly suggested 
the idea that the two anssB might be two independent appendages ; bat 
they saw no division in the breadth of the ring, the first indication of 
which is due to Gassini, whose drawing clearly indicates a shading in the 
ring where subsequent observations have conclusively proved that the 
principal division exists. We must therefore assign the discovery of the 
duplicity of the ring to Cassini. At the same time, we have no wish to 
detract from the reputation of William Ball as a skilful observer. 
Huyghens refers to his observations some years before the above date 
(having heard of them from Dr. Wallis) as confirming his own, in evi- 
dence of the appearance of a dark line seen across the planet at certain 
times (viz., when the rings are viewed edgewise), which proved the real 
form of the appendage, which had seemed so enigmatical, to be that of a 
wide and flat, but very thin, concentric ring surrounding the planet. 
Minehead (or, as it is in the ** Philosophical Transactions,'' **Mainhead'') 
is doubtless a misprint for Mamhead, a village a few miles south-west of 
Exeter. 
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crossed the planet, by Dr. Gralle of Berlin, who then published 
his observations and measurements, although he failed to 
detect its real character.* We hope that many important 
observations of it may be made during the next few years. 

It may easily be tmderstood that it is when the rings 
appear to be opened out to their widest (as will be the case in 
1885), or near to such epochs, that the best opportunities are 
obtained for the observation of their various divisions and their 
comparative brightness, or for the study of their individual 
peculiarities of surface and condition. And in this connection 
it may be well to mention that in 1885 Saturn will have a 
large northern declination, which will raise it especially high 
above the horizon in latitudes such as our own; while in 
October of that same year it will pass through its Perihelion, 
or nearest approach to the Sun, two months after which it will 
be in Opposition to the Sun. From the joint effect of all these 
causes, it will consequently be unusually well situated for our 
observation. 

It was under somewhat similar circumstances that Mr. De 
La Rue's drawing (see Fig. LXXXIL, p. 358) was made. Our 
readers may therefore be glad to refer to it once more, and to 
notice in it several very interesting features of the ring-system, 
in addition to those hitherto mentioned, which have also been 
confirmed by various other eminent observers. For instance, 
the outer edge of the ring b, is decidedly the brightest part of 
all. There is also shown a distinct, but very delicate, division 
in the middle of the width of the ring a, which at times may 
be detected all. round it. Indeed, we may remark that occasion- 
ally, in the portions seen fiirthest from the planet, or as it 
is technically expressed, near to the extremities of the ansa, 
not only is a certain amount of shading often visible upon the 
ring-sur&ce, as in the figure, but indications are seen of nume- 
rous divisions, so that it is impossible to decide into how many 



♦ The Rev. T. W. Webb also mentions (*< Celestial Objects," 4th 
Edition, p. 179) that an old assistant in the Observatory at Rome 
informed the late Father Secchi, that it had been noticed even so early 
as in 1848, although no further attention was paid to it. 
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rings^ concentric, or nearly concentric, witli one another, the 
whole may be divided. 

When the rings appear widely opened-oat, important obaer- 
vations may also be made of the shadow of the planet upon 
them. For instance, in a drawing by Mr. L. Tronvelot, in the 
year 1874, a copy of which is shown in Plate IX., as also in 
several published by the Messrs. Bond in Part I. of the beauti- 
ful and costly second volume of the "Annals of the Harvard 
College Observatory," various irregularities in the contour of 
the shadow are noticeable. These probably indicate differences 
of level in the surface of the rings, which thus distort the 
outline where it crosses thenu In Plate IX. the edge of the 
shadow is certainly most remarkably notched as it passes from 
the ring a to the ring b. In some of the Harvard drawings a 
certain amount of shadow is also shown upon the opposite 
side of the ball to that upon which the principal shadow is 
seen, the cause of which extraordinary phenomenon we are 
quite unable to explain. All such peculiarities are, however, 
very important in relation to the physical condition of Uie 
rings, and the possible existence of an atmosphere belonging^ 
to them or to the planet, which may by its refraction produce 
such effects. Moreover, near to the ansas certain remarkable 
irregularities, which are indicated by a series of small notches 
in Mr. Trouvelot's drawing (see Plate IX.), have been ftoin 
time to time observed in the inner edge of the ring A, the 
occurrence of which is decidedly puzzling. 

In addition to the shadow of the planet upon the rings, that 
of the rings upon the planet may be easily seen. Even when 
they altogether vanish from our view, it appears as a narrow- 
black line across the disc. At other times it may be much 
wider, but then it is often to a great degree concealed by the 
rings themselves ; while it is altogether hidden when they are 
opened out to their utmost extent So much as we can see, 
therefore, in general appears as a narrow black line just above 
or below the rings. 

Observations near to the time of the disappearance of the 
rings, or when they appear to be extremely thin, are, however^ 
no less interesting than those made when they are widely 
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opened-out. Many such, by the Messrs. Bond in 1848, are 
recorded in the second volume of the " Annals of the Harvard 
College Observatory," to which we have already referred. It is 
there stated, that at such times some of the satellites of the 
planet, of which we shall have more to say presently, may 
occasionally be seen to be apparently threaded, like beads on 
a needle, on the fine line of light to which the rings are 
reduced, while carried backwards and forwards along it by 
their orbital motions, which are nearly in the same plane 
with it. 

It is believed that in this way an important proof may be 




Fig. LXXXVI.— Satum, December 26th, 1861, drawn by Mr. Wray. 

obtained of the extreme thinness of the rings. It is said that 
even so small a satellite as the 7th, whose probable diameter 
is considerably less than 1,000 miles, has been seen, when thus 
situated, to extend upon either side beyond the thickness of 
the line of light of the rings. Other reasons also indicate that 
the thickness at any rate of the rings a and b, does not exceed 
at the most 100, or perhaps 200 miles, and may very possibly 
fall short of 50 miles. 

At the times to which we have just referred, there is, how- 
ever, an appearance of a greater thickness in the ring-system 
for about one-third of the distance to which their light extends 
upon each side of the disc. Thus far a fainter hazy light of 
somewhat greater breadth is seen, and was at one time 
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thought to indicate the existence of some kind of atmosphere 
over that portion of the rings. It is, however, more probably 
produced by the dusky or crape«like ring, c ; which, if so, may 
be considerably thicker than a and B. This is well shown — see 
Fig. LXXXVL — in a drawing by Mr. Wray, dated December 
26th, 1861, in which two of the satellites are also visible, 
apparently resting upon the line of the outer rings. 

It is generally found that the above-mentioned fine line of 
light, before it altogether disappears, breaks up into several 
more or less isolated portions. An ingenious suggestion has 
been made by the Messrs. Bond,* that this may be simply the 
result of an optical effect produced by the inner and outer 
iedges of the various rings being seen nearly edgewise, so that 
their light is united in certain parts, where it is consequently 
strong enough to be visible ; while in other parts, where the 
bright edge of only one is turned towards an observer, the 
amount of light is too small to be perceived. > 

There are also some other classes of observations of great 
importance which may be made at such times. For instance, 
the line of light upon one side of the planet becomes some- 
times so "fine as to be invisible in telescopes of moderate 
power some days before this is the case upon the opposite 
side. This, of course, goes against the supposition of a rotation 
of the rings round Saturn ; for, if they so revolved, we should 
expect that the more noticeable^ or thicker, portion would go 
regularly round from one side to the other of the disc. It has 
no doubt been thought that certain observations of the vanish- 
ing rings by Sir W. Herschel, and by one or two other observers, 
have given indications of such a rotation, at least in one of 
them. We consider, however, and we shall presently endeavour 
to prove, that any such movement of any ring as a whole must 
have been apparent rather than real. 

Very carefol measurements indicate that the centre of the 
planet is not placed quite in the centre of the rings. If this 

* A copy of the original diagram by which it was illustrated in vol. ii. 
ol the '* Annals of the Harvard College Obeervatorj '' may be seen in 
Chambers' *^ Handbook of Descriptive Astronomy/' and in Guillemin's 
" The Heavens." 
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be 80, any ring revolying round it somewhat eccentrically, 
would about every five hoars alternately show a rather greater 
extension first on one side and then on the other. This, how- 
ever, is not seen to be the case. Indeed, we do not think 
that it can be said that there is any certain and satisfactory 
evidence from observation of the rotation either of any one 
ring, or of a nnmber of separate and concentric rings, each 
having its own independent period. 

One thing we may very positively affirm, viz., — ^that the 
rings cannot possibly rotate as a rohole with any one and the 
same velocity. It will be remembered that Kepler's third 
law (see Lecture Y., page 122) requires that a certain relation 
should exist between the distance and the speed of one body 
revolving round another in free space. Consequently the 
speed which would suit the position of the inner portion of the \^ 
rings would be far too rapid for their outer parts ; while that 
which would suit the outer parts would be far too slow for the 
inner portion. Such is the width of the rings, and so great the 
difference in the necessary speeds, that it is certain that any 
solid matter of which we can conceive would utterly break up, 
if, being composed of it, they were for a moment to.be set 
rotating with one and the same speed throughout. At the 
inside of the ring b, the necessary velocity of rotation would be 
such as would carry a point round in somewhat over 7 hours ; 
at the outside of the ring a, the rotation-period would need to 
be between 13 and 14. If a large grindstone when very rapidly 
revolved explodes with a terrific crash, surely the rings of 
Saturn, if solid, would in like manner be destroyed. 

But it may be asked: — Would not the supposition previously 
referred to, viz., that the rings are split up into many narrow 
ones, each of which rotates in its own independent period, get 
over this difficulty? Unfortunately it would not; because it 
can be shown by the very refined investigations of the late 
Professors James Clerk Maxwell in England, and B. Pierce in 
America, that no such system could remain in stable equi- 
librium. Even if the rotations of its parts so acted, in con- 
junction with their mutual attractions and with the attraction 
of Saturn itself upon them, as for a moment to produce a 
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balance of effect and a regolting eqnilibriom, the slightest 
disturbance would very soon bring about a general catastrophe. 
We cannot attempt to explain the mechanical and m^e- 
matical considerations involved in this statement. Our readers 
may, however, easily understand that the satellites of the 
planet, or the other planets of the Solar System, would by 
their attractions inevitably generate such disturbances. They 
may also be able to appreciate the extreme inherent weakness 
which would be involved in the construction of any body of so 
great a diameter as that of the rings, and of so excessive a 
thinness perpendicular to the plane of their extension. If 
their thickness be supposed to equal 100 miles, it would, in 
comparison with their diameter and their density, be only as 
though an arch of a hundred yards' span were cut out of a 
large sheet of some material of much less rigidity than iron, 
and only two inches in thickness. If such an arch were set up 
it certainly could not be expected to keep its shape. No more, 
therefore, could such a ring, balanced in space, support the 
attractions which those of Saturn undergo. 

Nor is it in the least degree probable that the rings can be 
fluid ; for, if so, it might also be shown that various external 
attractions would soon set up such waves in them as would 
continuously grow in intensity until their ruin would follow. 

It seems, therefore, that by far the most reasonable hypo- 
tliesis is, that the rings are composed of tmfriads upon myrCids 
ofsnutll satellites^ each revolving in its own independent orbit; 
but so thickly aggregated together as to produce the appearance 
of a continuous surface, with the exception that they are more 
scantily distributed where we see gaps, or divisions, in the 
system. This supposition also requires that they must be 
most thickly grouped in the neighbourhood of the inner edge of 
B, where the brightest appearance is found. And here we may 
state that it has been noticed by Professor Daniel Kirkwood,* of 
Bloomington, Indiana, U.S., that the attraction of ^ome of the 
satellites of Saturn would produce comparatively vacant regions 

* See also Lecture XI., page 289, as to the possible influence of Jupiter 
in producing some of the gaps which are met with in the region of the 
minor planets. 
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in a ring-ByBtemy thns oonstiintedy just where they actually 
exist 

The explanation of the peculiar appearance of the duBky, or 
crape-like ring, o, upon the above hypothesis is^ that it is com- 
posed of a collection of satellites much denser than in the 
divisions between the rings, but not dense enough to give the 
same bright appearance as in the other rings, a and b. It is also 
worthy of special notice, that there is some suspicion that this 
dusky ring, which at present reaches about half-way from the 
inner edge of B towards the planet, is becoming brighter than it 
was, and that its inner edge is also approaching the ball If so, 
this is an intensely interesting fact It would suggest that the 
orbits .of some of these myriad satellites may be gradually con- 
tracting, — in other words, that a slow process may really be going 
on, by the continuance of which the rings would finally descend 
on to Saturn, and its chief beauty in the telescope be lost 

The principal dimensions of the rings are nearly as in the 
following table, with regard to which, however, it should be 
mentioned, that the best measurements do .not exactly agree, 
and that we have only stated such approximate numbers as 
may most easily be remembered : — 

Onter diameter of ring a about 166,000 miles. 

Imier ,, „ a ,, 146,000 „ 

Onter „ „ b „ 143,000 „ 

Inner ,, „ b „ 110,000 „ 

Intenral between a and b „ 1,700 „ 
Distance from the snrfaoe 

of the ball to the inner 

edge of B „ 18,000 „ 

Equatoreal diameter of 

the ball „ 74,000 „ 

Although there seems to be very little, if any, reason for 
supposing that either the planet or the rings can be inhabited, 
it may be an useful and interesting geometrical exercise, and 
one which may help us to realize the actual relations existing 
between it and the rings, if we briefly consider what would be 
the experience of an observer upon either. 

First one side and then the other of the rings being turned 
towards the Sun for nearly fifteen years, a resident upon them 
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would alternately see the Sun for a long day, which would last 
for 14} of our years, and be deprived of its light for an equally 
long night His long night of 14} years would, however, be 
partly compensated by the light that would be received froat 
the glorious globe of Saturn itself, which, once in each revela- 
tion of the observer round it, would go through a series of phases 
corresponding to those which our Moon passes through in a 
month. Except, however, to any one situated close to, or 
within, the inner edge of the ring b, only one-half of any such 
phase would probably be visible, the other half being hidden 
by the flat expanse of the rings. 

If the planet were in its full phase it would present, when seen 
from the inner edge of the ring b, a circular disc, whose area 
would be equal to about 25,600 times that of our Full Moon, 
and which would consequently afford, by the reflection of a 
sunlight of about ninety times less intensity, an illumination 
equal to about 280 times that which we receive from its 
full disc. But from a point on the rings further from the 
planet's globe, only one-half of a smaller area would be seen. 
Nevertheless, even from the outside edge of the ring a the 
semi-circular disc would still appear to have a diameter 100 
times, an area fully 5,000 times, and a light about 55 times, 
as great as that of our Full Moon. Upon one-half of the disc 
the shadow of the rings would lie, at times obscuring a very 
wide zone, while bright and dark belts, and other physical 
features of the surface, would doubtless abound in interest. 

Eclipses of the Sun would be very frequent occurrences to 
an observer on the rings, owing to the huge shadow of the 
globe of Saturn. There would, in fact, as a rule, be one in the 
course of each rotation, performed by the portion of the ring 
upon which he might be situated, around the globe of Saturn. 
The form of the shadow would, however, vary with the seasons 
of the Saturnian year, which would affect the occurrence, or the 
duration, of the eclipses. At an equinox it would be bounded 
by two straight lines, and be throughout of the same width as 
the planet. But as Saturn moved on towards a solstice, it would 
gradually become more and more elliptically curved in its 
periphery, so that its contour would bear some resemblance to 
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that of the elongated projectiles which are usnally fired from 
a large piece of modern artillery. For a certain time (viz., for 
aboat 1^ years before, and 1^ years after, a solstice) it wonld 
fall short of the outer boundary of the rings, jost as, for a 
similar period, the rings, if seen from the San, woald entirely 
surronnd the planet. At such a time, therefore, an observer 
upon the outer part of the ringnsystem would escape the Solar 
eclipses, while they would be of short duration for one only 
slightly overlapped by the range of the shadow. But at an 
equinox the eclipses would be of a maximum duration, the 
length of which, if we suppose our observer to go round the 
planet upon one of the myriad satellites which probably form 
the rings, may be easily calculated. It would, in fact, bear 
the same ratio to the whole period of his rotation (which would 
be between seven and fourteen hours) as the width of the 
shadow, which would then equal the diameter of Saturn's 
globe, would bear to the whole circumference of the orbit 
described by the observer round the planet. 

On the other hand, at the time of an equinox, the nightly 
rising of the shadow upon the eastern part of the rings, as seen 
by an observer on the planet near to its equator, would almost 
coincide with the setting of the Sun in the west ; and it would 
then sweep rapidly across them until, at midnight, by &r the 
greater part of the rings would be hidden in its shade. At 
places in higher latitudes the shadow would not rise so soon, 
but at midnight it would probably overlie the whole of that 
portion of the rings which would otherwise be seen. It would 
of course pass away in the reverse direction before sunrise. 

At midnight, in any latitude where it could be seen, the 
shadow of the planet would be always symmetrically placed in 
the centre of the visible portion of the rings. 

Near to the time of the Summer Solstice, when the nights 
would be shortest, a large portion of the rings would be in 
shade, even before the setting of the Sun, as seen from places 
considerably removed from the equator.* 

* The above statements are more fully explained, and are illustrated 
bj an elaborate series of diagrams, in Mr. Proctor's ^^ Saturn and its 
System/' to whose valuable work upon the planet we are deeply indebted 
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As seen from the planet, the position and appearance of the 
Rinffs would greatly vary, both with the season of the year and 
with the locality of the observer. Since they lie in the plane 
of the planet's equator, they would only show their bright sides 
to a resident upon Saturn during the interval between a spring 
and an autumn equinox of the hemisphere upon which he might 
be ; which interval would, however, last for about 14} consecn* 
tive years. Nor would they at any time appear to be of uniform 
breadth, for it is evident that, awing to Saturn's great diameter 
and their nearness, the portion furthest from the horizon woold 
be much the closest to an observer, and would, therefore, ap- 
pear to be so much the broadest. Moreover, they would seem 
to meet the horizon in points nearer to the east and west than 
would be the case with a circle of the celestial sphere described 
round the pole of the heavens visible to the observer, and drawn 
through their highest point above the horizon ; u€.j such a circle 
as the Sun, or a star, if it passed through that point when on 
the meridian, would describe in its daily course across the sky. 
It also follows that the arch formed by them would in general 
appear to be, not of a circular, but of an elliptical shape. At 
the equator only would it be a vertical arch of small width, but 
very considerably wider overhead than on.the horizon; in which 
special case, although its outer boundaries would seem to be 
somewhat elliptical, its central section would appear to be 
circular. 

That the above statements are a necessary result of the 
relative positions of the planet and of the rings, may be under- 
stood by a few moments' careful thought; or they may be 
illustrated by actually making a rough model of Saturn with 
a ball, or globe, and a ring ; but in order to demonstrate them 
fully mathematical calculations would be necessary, into 
which we cannot enter here. The diagram in Fig. LXXXVII. 
may, however, to some extent illustrate the appearance which 
the rings would present, as seen from a place upon the planet, 
having a ^orth Latitude of about 30^ 

It shows, in accordance with our statements, that both the 
outer (and narrower) ring a and the inner ring b (which would 
apparently lie one above the other upon the sky), one-half of 
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the visible portions of which are respectively marked aoAb, 
and BArR, would seem to be wider upon the meridian from 
a to i, a^nd b to r, than upon the horizon from A to b, and b to 
R respectively ; and that a circle drawn roand the pole and 
passing on the horizon through a, the outer edge of the outer 
ring, wonld cross the zenith at «^, ue., above a, the correspond- 
ing point of the ring. . While it is in like manner evident that 
a similar circumpolar circle through a, although not drawn in 
the figure, would meet the horizon to the south of a. 




FSg. LiuulVII.— Saturn's r&igB, M teen from the Flaiiet, and tlMir effect in prodndnir 
eclipsee of the Son. 

This being the case, we may understand how erroneous are 
some of the statements that have occasionally been made with 
regard to the effects which the shadow of the rings would pro- 
duce upon the half of the planet towards which their dark 
side would periodically be turned. It has even been said, that 
it would prevent the inhabitants of that hemisphere, for the 
most part, from seeing the Sun for nearly 15 years at a time. 

We recommend those who wish to study this matter fiiUy to 
consult the very instructive volume by Mr. Proctor, to which 
we have already referred. It must, however, be confessed that 
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the explanation of it which he has given, although of the 
highest excellence, is, from the nature of the subject, hy no 
means a yery easy one to follow. Perhaps the simpler of the 
methods there shown, by which it may be treated, is to draw a 
series of diagrams representing for different seasons in the 
planet's year the size and position of the shadow upon it. 
Then it is not very difficult to calculate the way in which, day 
by day, the rotation of Saturn upon its axis will cany a 
place ; — it may be, into the shadow in the morning, out of it 
at noon, and into it again in the afternoon ; — or through it all 
day long; — or into it a^ certain time before noon, and out of it 
at an equal interval after noon. 

But the reader may, if he choose, employ another method of 
procedure, and imagine himself to be upon the planet, while 
the rings in a great arch of wondrous beauty span his sky. He 
might be in such a northern latitude and in such a season of 
Saturn's year, that this arch would start from the horizon over 
the point at which the Sun would rise, and extend along the 
horizon some distance to the north of that point. In fact, we 
may suppose the Sun to rise at such a time, at some point 
between a and r in Fig. LXXXVTL Then the arch of the 
rings being broader as it ascends, its increase of width would 
tend to keep the Sun's path in it. On the other hand, since 
the central part of the arch, owing to the perspective effect of 
its comparative nearness, would (as we have stated) appear 
to be drawn down towards the horizon so as to cross the 
meridian below the position of a circle drawn round the pole 
through the point of sunrise, the Sun towards noon would 
from this cause tend to rise above it. 

Whether the Sun would actually succeed in doing so, and 
thus become visible in the middle of the day, would depend on 
the distance measured along the horizon at which it might 
rise to the south of a. If it rose precisely at a, its diurnal 
path would be along xs\ s^ being its place at noon upon the 
meridian. If it rose at b, it would pass along B8\ and it would 
evidently be visible at noon at ^. In such a case, it would, 
of course, again be hidden by the arch of the rings before 
setting. 
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Or it might be that the Sun would rise uneclipsed at a point 
of the horizon to the south of the arch of the ring B, as at 
S3 in Fig. LXXXYII., and set in a similar manner ; but, as 
the dotted line 83^^ shows, during a certain interval before and 
after noon, be hidden by the arch. In this case there would 
be a mid-day eclipse, just as in that previously described there 
would be one in the morning and evening. Similarly, if the 
Sun rose in an intermediate position well^-immersed in the 
arch, it might undergo eclipse throughout the day. 

Such phenomena might continue to occur day after day for 
long consecutive periods. This may be proved, either by the 
method we have just described, or, accoi-ding to that first 
mentioned, by calculating the size and position of the shadow 
of the rings upon Saturn. It may be shown that the shadow 
would grow wider and wider upon the hemisphere on which it 
would fall, while the planet would journey in its orbit from an 
equinox to a solstice ; and that it would, at the same time, 
gradually travel from the neighbourhood of the equator to- 
wards the polar regions, for a while leaving a considerable 
extent of surface nearer to the equator free from all eclipses. 
But, after the summer solstice of tlie hemisphere in question, 
the shadow would begin to travel back from the polar regions, 
while the eclipses, in moderately high latitudes, would be still 
continuing. 

For places situated upon the equator, the succession of 
eclipses would be different from that which would be expe- 
rienced elsewhere, as may be understood by a consideration of 
the appearance which, as stated upon p. 378, the rings would 
there present In such a locality it would be the thickness and 
not the breadth of the rings that would conceal the Sun ; and 
Mr. Proctor has calculated* that, at each equinox, if the 
thickness of the inner ring b be supposed to be 100 miles, 
the Sun would be eclipsed all the day long, during a period 
equal to about 9*6 of our days, or 22 Saturnian days; both. 
before and after which time there would be eclipses in the 
middle of the day during a period equal to 20*35 of our days, 
or about 47 Saturnian days. 

* See " Saturn and its System," p. 181, and Table XI., p. 224. 
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On the other hand^ in regions not far from the equator of 
Saturn^ a series of eclipses caused bj the width of the rings 
would take place^ followed by an interval free from any ; after 
after which they would again occur^ until^ the next equinox 
having been reached^ the bright side of the rings woold be 
visible for about 14} years to come. At a latitude of only 5° 
there would be 296 Satumian days, after the autumnal eqoinox, 
free from eolipse^i, then 184 days of morning and erening 
eclipses, followed by 72 of all-day eclipses, and 684 of middle- 
day eclipses ; or, if we measure in terrestrial time, nearly li 
years of eclipses altogether, out of which there would, however, 
only be about one month during which the Sun would be 
hidden all the day. A similar series would, of course, precede 
the spring equinox. In latitude 10^ each period of eclipses 
would last for nearly 3 terrestrial years. 

But, in latitude 40° Mr. Proctor states that " the eclipses 
begin when nearly three years (i.e. terrestrial years) have 
elapsed from the time of the autumnal equinox. The morning 
and evening eclipses continue for more than a year, gradually 
extending until the Sun is eclipsed during the whole da}% 
These total eclipses contimie to the winter solstice, and for a 
corresponding period after it ; in all, for 6 years 236*4 days, 
or 5,543 Satumian days. This period is followed by more than 
a year of morning and evening eclipses. The total period 
during which eclipses of one kind or another take place is no 
less than 8 (terrestrial) years 292*8 days." 

We must refrain from any further statement of the eclipses 
that would occur in other Satumian latitudes. It may, 
however, be well to remark that nearly the whole of the 
portion of Saturn which lies within its arctic circles would 
have nothing to do with them. This may be shown as fol- 
lows : — ^As we have already mentioned, an observer at the 
equator would only see the thin inner edge of the rings, which 
would come between himself and the sky. If, however, he were 
to travel either to the north or south upon the planet, the 
side of the rings which would be towards him would at first 
seem very narrow, owing to the foreshortening which would be 
produced by the direction in which he would look at it. It 
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would, however, soon appear broader; but presently, when he 
might have reached such a latitude that a straight line from 
the inner edge of the ring c would touch the planet, that ring 
would graze his horizon. As he might journey to still higher 
latitudes, first the ring c, next the ring b, and finally the ring 
A would altogether disappear from his view. 

This is indicated in Fig. LXXXVIIL, in which it is shown 
that at Cj in a latitude of rather less than 41°, c, the inner 
edge of the dusky ring, would touch the horizon, cc ; while at 
bj in a latitude of about 51^°, b, the inner edge of the next 
ring, would in like manner only just be seen. At a, in a 




Fig. LXXXVin.— LatitudM upon Saturn from which its yariouB rings would be visible. 

latitude of about 62:j^o, a, the inner edge of the outermost ring, 
would disappear ; and at r, in a latitude of not quite 66^°, the 
whole system, whose breadth is shown by rabc, would be 
below the horizon, Rr, and consequently invisible; as would 
also be the case at all places nearer to either pole of the planet 
than r. 

It may therefore be some satisfaction to any unfortunate 
inhabitants, if such there be within the arctic circles of Saturn, 
which are situated at about 2T from its poles (or in a latitude 
of 63°), that, except within some 3^° of those circles, they have 
nothing to do with the shadow of the rings. The small amount 
of sunlight left to them during their winter is therefore not 
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interfered with; since the shadows of the rings cannot fall 
upon those latitudes in winter, from which their bright side 
would not be seen in summer. 

It is, however, a much more important fact that, at even so 
moderate a latitude as 36° from the equator of Saturn, the 
eclipses caused by the rings, when once they commence, con* 
tinue through the winter solstice without any pause until they 
are done with, the shadow beginning to return again before its 
whole width has passed across that and any higher latitude. 
And it is, we think, upon the whole, very clear that this 
discussion strongly confirms our previous opinion against the 
habitability of Saturn. Apart from many other difficulties 
which the supposition would involve, it seems that, except in a 
comparatively very narrow zone of the equatoreal regions, the 
long duration of the eclipses caused by the rings would be 
sufficient to prevent it, unless the inhabitants were periodically 
to migrate north and south, and in that way avoid the winter 
seasons. Fascinating as the ring-system is when seen in our 
telescopes, we may be very thankful indeed that none such is 
possessed by the Earth. It appears to be 'replete with beauty to 
observers at a distance; it would inevitably be a very un- 
pleasant obscurer of the Sun upon the planet itself. 

We are then very glad that the Earth is a ringless planet. 
On the other hand, however, we might be very well content if 
our Moon, the fair queen of our nocturnal skies, had one or two 
companions, or even rivals in her domain. This is the case 
with Saturn ; for of such larger satellites as circle round it, 
outside the minute myriads which we believe to constitute its 
rings, we know of eight. 

We do not in any wise propose to discuss these Satellites 
with the same minuteness as those of Jupiter. Their much 
greater distance makes it impossible. Their eclipses, their 
mutual occultations and perturbations, would no doubt be very 
interesting if seen from the planet ; but they are, if not altcH 
gether beyond our ken, certainly beyond the limits of this 
lecture. We must be glad if we can even get so much as a 
glimpse of the smaller ones amongst the eight of whose ex-* 
istence we are aware ; while it is very likely that others may 
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exist too small tor us to see while some 750 millions of miles, 
or more, separate us from them. 

The gradual discovery of the eight Satellites of Saturn has 
tmdoubtedly been one of the greatest triumphs that have re- 
warded the never-ceasing improvement of the telescope. The 
first was found by Huyghens in 1655 ; four more by Cassini 
between 1671 and 1684 ; two by Sir W. Herschel in 1789 ; and 
the 8th, Hyperion, in 1848, by Messrs. Bond and Lassell, the 
former noticing it in America on September 16th as a small star, 
the latter in England on September 18th quite independently, 
but both perceiving it to be a satellite on September 19th, 1848. 
The duplicate discovery in America and in England was perfectly 
independent At that time, there was no Atlantic telegraph 
to flash the news of such a triumph across the ocean. 

Titan, the first satellite detected, is much the largest, and is 
easily seen with a telescope of very moderate power ; but some 
of the lesser ones — such as Mimas, which is also the nearest to 
the planet ; and Hyperion, which, although farther away, is 
perhaps the smallest of all — are exceedingly difficult to observe 
except with the very largest telescopes. They may most easily 
be watched when the ring is nearly invisible, since its light 
does not then interfere with the observer's view. 

Any estimate of their size is quite hypothetical. It has, 
however, been conjectured that Hyperion is only about 800 
miles in diameter, and that the diameters of some of the 
others may perhaps measure 1,000 to 1,500 miles, while that 
of Titan may probably amount to 3,000, or even to 4,000, miles. 

Their names, and the dates of their discovery, as also their 
periods of rotation round Saturn, and their distances from its 
centre, their primary, are approximately given below : — 



Distance from 



Period of Rotation 



Name. Di8C0T«rer. Date. at;„S?-Ti..i^ ro^nd Saturn in 

I Saturn 8 centre. I Terrestrial Time. 



Mimas. Sir W. Herschel. 1780 about 117.000 miles. I about 0^ 22^ 37" 

Enceladns. „ .. , „ 151,000 „ \ „ 1 8 63 , 

Tethys. J. B. Cassini. 1684 , „ 186.(XN) ,, ! „ 1 21 18 

Dione. ,, ,. » 288,000 „ „ 2 17 41 

Rbea. „ | 1«72 I ,, 332,000 ,. .. 4 12 26 

Titon, Huyghens. ' WM „ 771,000 „ „ 16 22 41 

Hyperion. W. Bond and LasselL , IftW I „ 93«,000 „ „ 2t 7 28 

lapetus. J. D. Cassini. 1071 „ 2,224,000 „ , „ 79 7 64 
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It is especially worthy of notice, in the above table, that the 
period of Mimas is almost exactly one-half of that of Tethys ; 
and that of Enceladus almost exactly one-half of that of 
Dione. Professor D. Kirkwood has also pointed out (see J'ke 
Observatory y vol. i., p. 199) that the sum of five times the 
mean motion of the 1st (or innermost) satellite, added to that 
of the 3rd, and to four times that of the 4th, appears to be 
exactly equal to ten times that of the 2nd, — a relation which may 
be compared with that discovered by Laplace in the case of the 
three innermost of Jupiter^s Moons (see Lecture XIIL, p. 334). 

It may also be interesting to notice that Mimas, the nearest 
of all the eight satellites, revolves at a distance of only about 
34,000 miles from the outer boundary of the rings ; and that 
the above table shows, that the distances of the first four, or 
five, satellites are apparently arranged upon a different system 
from that of the others. There is a certain regularity in the 
increase of distance for the first four, but a much larger interval 
between the 4th and 6th; while the gap between Hyperion 
and lapetus is again exceedingly wide in comparison with that 
between Hyperion and Titan. Certainly no such regularity is 
apparent in the distances of these satellites as in those of the 
four moons of Jupiter, which it will be remembered are nearly 
as the numbers 6, 0, 15, 27, in which series each successive 
increase is about double of the preceding.* 

* The following are the only attempts with which we arc acquainted to 
find any series at all resembling Bode's EO-calledLaw of l^lanetary Distances, 
in the case of the distances of the Satumian satellites. The former is 
quoted from Mr. Proctor's ** Saturn," p. 63 ; the latter from the Englitfk 
Mechanic^ vol. xxiiL, p. 198. 

The distances of the satellites from the centre of the planet are approxi- 
mately as the numbers — 

4 613 6-36 8-14 11-37 26*36 31-88 76-60 
Now if we take 44444444 

and add 1 2 4 __ 8 16 3 2 64 

we obtain 4 '5 6 8 12 '^0 3(3 68 

most of which are in very fair accordance with the real values. 
Or we may take 12 345678 

cdd 1 2 4 8 10 32 04 128 

add 6 6 6 6 6^ 6 

and we obtain « lU 13 18 27 44 iV 142 
the halves of which 4 5 0^ 9 13^ 22 '6^ 71 

also resemble the true ratics, 
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We are almost tempted to wonder whether it can be that, from 
some cause related to that which originated the rings of the 
Satarnian system, several satellites were also formed in a some- 
what regular order of distance near to the outer boundary x)f 
the rings, while the same cause permitted others further away 
to be differently arranged. In any case, we cannot but be 
struck with the analogy of the position occupied in the Saturnian 
system by the largest satellite. Titan, and that of the planet 
Jupiter in the Solar System. As four planets, or perhaps five, 
or even more (if we admit the existence of one, or several, intra- 
mercurial planets), are found around the Sun, succeeded by a 
gap, in which only the minute forms of the Minor Planets are 
seen, after which the huge globe of Jupiter appears, with other 
large planets located beyond its orbit at more irregular distances, 
— so there are five satellites round Saturn, and then a gap, 
after which we come to Titan, which may well be termed huge, 
and then again to one so much smaller that we wonder whether 
it has any companions in the wide region between Titan and 
lapetus. Indeed, we are almost inclined to ask : — May there 
not, perhaps, be a multitude of little moons scattered through 
this vast and apparently vacant space, as there is of Minor 
Planets between Mars and Jupiter? 

We see, in each case, a great central aggregation of matter 
in the Sun or Saturn, then several smaller aggregations, and, 
at a certain distance, one much smaller than the central one, 
but much larger than all the others. We also find that the 
Minor Planets and Hyperion, the most minute of all, are re- 
s]>ectively found next to the largest, Jupiter and Titan. Can it 
be that there is some law, or some effective process, of which 
we are at present ignorant, connected with the condensation 
of a nebula into a central body with others revolving round it, 
whether it be into a Sun and its planets, or into a planet and 
its moons, which would explain all this ? 

Thin as -the ring-system is, it would when seen edgewise 
from places upon, or very near to, the planet's equator, almost 
always conceal the seven innermost satellites, since they re- 
volve in, or very nearly in, its plane. From other parte of 
Saturn they would never be hidden by the rings. But just as 
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we have shown, in Fig. LXXXVIII., that it is impossible to 
see the rings from any place situated at more than a certain 
distance north or south of the planet's equator ; so it may be 
calculated that, in order to see Mimas, the nearest satellite, it 
would be necessary to descend about 17^^ from either pole ; 
and 13i% and 10^°, respectively, in order to see Enceladus antl 
Tethys. 

The satellites would, of course, go through their various 
phases in a manner similar to our Moon, only much more rapidly. 
When in the phase of Full Moon they would also, at times, 
pass through the shadow of the planet, and be eclipsed. Indeed, 
for a considerable period on each side of an equinox an eclipse 
of a full moon would be the rule, except in the case of lapetus, 
which, owing to its greater distance from Saturn, would almost 
always escape. But the eclipses would not continue to be so 
frequent during the whole of Saturn's year as in the case of 
Jupiter's satellites, because the equator of Saturn, and the orbits 
of its moons, are so much more inclined to the plane of its path. 
As a solstice approaches it will be rememberea that we have 
already stated, that the outer portion of the rings escapes the 
shadow of the planet, owing to the tilt of their path. Con- 
sequently the satellites, whose orbits are equally tilted, so that 
they would appear, as seen from the Sun, to describe curves 
similar to the outer boundary of the rings, only farther away 
from Saturn, would still more easily escape the shadow ; the 
outer almost invariably, the innermost for about two years 
both before and after, as well as during, the time in which the 
shadow .falls short of the more distant portion of the ring. 

We have explained (see Lecture IV., p. 91) that the Earth's 
Moon really looks J|^th wider in diameter when seen in the 
zenith than when seen in the horizon ; and we have shown 
that a similar, but more striking, effect of the same kind takes 
place in the case of those of Mars (see Lecture X., p. 257). 
Those of Saturn, owing to their proximity to the planet, would 
be so especially near to an observer when seen close to the 
zenith, that the alteration of their apparent size would be very 
important. The nearest, for instance, would look about twice 
as large in area, while even the third would appear half as 
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large again, when seen in the zenith, as when seen in the 
horizon. 

Nevertheless the total amount of light received from all, even 
under the most favourable circumstances, would be very small. 
The Solar light which they reflect to Saturn, being of about 
^th of the intensity of that which we receive, it is not difficult, 
— if we assign a possible diameter of about 1,000 miles for each 
of the first two satellites ; 1,500 miles for each of the two 
next ; 2,000 miles for Rhea ; 4,000 miles for Titan : about 
3,000 miles for lapetus, and perhaps 800 for Hyperion ; ♦ — ^to 
calculate that the total light which they would reflect, even if 
it were possible for them all to be seen at the same time in 
their full phase, would not amount to yVth of that which we 
receive from the moon when full ; while the light of the outer 
ones would be exceedingly faint. For instance, with such a 
diameter as we have stated. Titan, at the distance belonging to 
its orbit, would only appear to have a disc of about ^ths of the 
area of that of our Moon, if seen in the zenith of an observer, 
and would therefore give about ^ of ^^th, or only about 
^th of its light The nearest, Mimas, might, in a similar 
position, have an apparent disc about double that of our 
Moon, and give ^th of its light ; but, when seen upon the 
horizon, it would only give about ^Vth. 

Another point which deserves attention is the remarkable 
smallness of the distances of the Satellites, in comparison with 
the size of Saturn itself. Three of them are actually nearer 
to Saturn's centre than the Moon is to that of the Earth, and 
the furthest is only about ten times as far away. But Saturn's 
equatoreal diameter is more than nine times that of the Earth. 
The outermost is therefore proportionally at a not very different 
distance from that of our Moon, while the innermost is, com- 
paratively speaking, at such a distance as the Earth's Moon would 
have, if it were removed less than 13,000 miles, or about 3| 
radii of the Earth from its centre ; in which case, when over- 
head, it would only be 9,000 miles distant from us. The inner 
of the two satellites of Mars is no doubt proportionally nearer 
still, its distance l)eing only about 2f radii of the planet. But, 
♦ See Mr. Proctor's " Saturn/* p. 184. 
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in comparison with the diameter of their primary, the nearest 
of Jupiter's moons is neariy twice as far away as the nearest 
of Saturn's. 

From the nearest satellite, Saturn's disc would present a 
magnificent spectacle, its diameter subtending an angle of 
about 37^. Its disc would, therefore, appear to be about 5,000 
times as large as that of our Moon, or nearly 400 times as large 
as that which the Earth would present if seen from the Moon. 
From the ftirthest satellite Saturn would appear of about 3| 
times the width, and of about 13 times the area, of our Moon. 
From the 6th its area would be more than 100 times, and from 
the 7th somewhat less than 80 times, that of the Moon. It 
would be. seen to pass through phases similar to those observed 
from the rings, except that instead of the one-half (see p. 376), 
which would in general be seen from them, the whole of the 
illuminated phase would be visible, a comparatively narrow 
zone of the planet being all that would be hidden by the ring- 
system. 

An observer upon the satellites would look at the rings 
nearly edgewise, and see them as a line of light,* widest in its 
middle portion where it would be nearest to him, but every- 
where very narrow. At the times when Saturn's disc would 
be seen in its full phase, the full extent of the line of rings 
upon each side would also be visible ; at other times only a 
portion of their circumference corresponding to the extent of 
the planet's phase, although a faint additional effect might be 
produced by any part which might rise above the general level 
of the rest. Were it not for the thinness of the rings their 
appearance would be ver)' beautiful, as they would, when viewed 
from the innermost satellite, extend about half-way across the 
whole width of the heavens, the nearest portion of which, if 
they be supposed to be 100 miles in thickness, would be of 
about ^rd of the apparent width of the Moon. 

It would not be profitable, nor can we afford the requisite 
space, to discuss the eclipses of the Sun by these satellites, as 

* The outermost satellite, owing to the greater tilt of its orbit to that 
of Saturn, might occasionally see a little more of the flat surface of the 
rings. 
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we did in the case of those of Japiter. Of coarse such eclipses 
occur upon portions of the surface of the planet from time to 
time, but the shadows of the satellites when they are in the 
phase of new moon will much more often than not miss its 
disc, owing to the considerable tilt of their orbits to the plane 
of Saturn's path. If such an eclipse is occurring, sufficient 
telescopic power ought no doubt to show the shadow to us, 
as a small dark spot, travelling across the disc, similar to those 
which we so often see upon Jupiter. And it is very interesting 
to know that, in the case of Titan, this phenomenon may 
occasionally, although rarely, be observed. It was once seen 




Fiff. LXXXIX.— Saturn, December 9tb, 1877, 6h. 46m. p.m. Trantit of the shadow 

of Titan. 

by Sir W. Herschel in 1789, by Gruithuisen in 1833, in 
1862 by Dawes and others, and again on November 7th and 
December 9th, 1877. Also on Christmas Day, 1877, by Lord 
Lindsay at Dun Echt (see Monthly Noticea^ Royal Astronomical 
Society, vol. xxxviii., p. 100), and by the writer of this lecture, 
who made a drawing at the time which agreed very closely 
with the more accurate observations taken at Dun Echt.* The 
transit of December 9th, 1877, as seen with an 8^ in. Browning 
reflector, by Mr. J. Rand Capron, is shown in Fig. LXXXIX.f 

* It is also worthy of mention that upon one occasion, viz., in 1692, a 
star was seen by Cassini to be occulted by Titan ; and that in 1862 Dawes 
saw an eclipse of Titan by its immersion in shadow of Saturn. 

t This interesting sketch is extracted, by the kind permission of the 
Astronomer Royal, from The Observatory, vol. i., p. 289. 
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lapetaS; the fifth satellite in order of discovery , but the 
furthest from Saturn^ shows a considerable variability in its 
light. This was especially remarked by J. D. Cassini^ who 
discovered it, and subsequently by Sir Wm. Herschel, and 
may be supposed to indicate an axial rotation, or a variation in 
tlie reflective power of different portions of its surface, similar 
to that which has been suspected in the case of some of the 
satellites of Jupiter. 

And here we must leave this most fascinating system. It 
is sad that we know so little of its beauties and its mysteries. 
We look forward, however, with the utmost interest and hope* 
fulness to the observations of the rings that may be made 
during the next few years, while they will appear to be very 
widely opened out. Since they were last so seen, telescopes of 
greatly improved power and precision have been constructed 
in the observatories of Washington, Vienna, Ealing, and else- 
where. We know not how soon we may be startled by some 
surprising discovery, some new- revelation, which shall show us 
why Saturn is girdled with rings such as no other planet 
possesses. We do not in the least anticipate the occurrence 
of any violent catastrophe by which the rings will be suddenly 
destroyed, but we may ere long be taught whether they are 
to be considered absolutely permanent, or whether they are 
undergoing some slow process of change, which, in course of 
time, may aggregate their constituent parts to form additional 
satellites of the planet, or gradually draw them down upon it^ 
to add a slight increase to its bulk. 

The Saturnian system seems te be unique ; let us hope that 
its teaching with regard to itself, and the Solar System as a 
whole, may also, in course of time, b3 unique in interest and 
instruction. 
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LECTURE XV. 

THE PLANETS URANUS AND NEPTUNE. 

" When the planets, 
In evil miztare to disorder wander, 
What plagues, and what portents I what matinj 1 
What raging of the sea I shaking of earth ! 
Commotion in the winds I frights, changes, horrors ! " 

TroUus and Crusida, 

We must now take another gigantic stride, more than twice 
as great as that which carried us from the orbit of Jupiter to 
that of Saturn ; for our next step onwards, over the space that 
intervenes between those of Saturn and Uranus, measures 
almost exactly 900,000,000 miles. It brings us to a planet 
whose distance from the Earth is therefore always so enormous, 
that it is with difficulty that we can discover any points of 
interest connected with it. Nor are we surprised that until 
March 13th in the year 1781 its existence was altogether un- 
known ; or that, even then, when Sir W. Herschel unexpectedly 
detected it, he thought that what he saw was a distant comet 
moving amongst the stars visible in the field of view of his 
telescope. 

And here we may draw special attention to one very interest- 
ing and instructive fact involved in the history of the discovery 
of the planet Uranus, viz., that a certain peculiarity in its 
appearance indicated to the experienced eye of that great 
astronomer, within (as he himself has stated) a minute of his 
first seeing it, that it was no ordinary star. There was a 
haziness, and a comparative faintness about its light, which 
he at once noticed. This led him to apply a higher magni- 
fying power to his instrument, in order to see what effect 
would be thereby produced. Sir W. Herschel was well awar^ 
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that such a higher power woald not dimmish the brightness 
of the image of a star, in which all the light received is 
as nearly as possible condensed by the lenses of the telescope 
to a point. He knew that, whatever magnifying power maj be 
employed, the stars are so far distant that their images afford 
no trae disc capable of being enlarged ; while, on the contrary, 
the apparent disc of a planet, or of a comet, increases, and 
its apparent brightness in a like degree decreases, with every 
increase in the magnifying power used. When Sir W. Herschel 
tried the effect of a higher power upon the object which he saw, 
his suspicion that it was not stellar was immediately con- 
firmed. He therefore continued to watch it until he was assared 
that it had a proper motion of its own amongst the stars, and 
he then announced his discovery to the scientific world as that 
of a comet. 

But Dr. Maskelyne and other English astronomers, the 
President de Saron in France, and especially Lexell, the astro- 
nomer of Finland (who is celebrated for his investigations 
connected with a remarkable comet discovered in 1770, and 
who happened to be visiting England at the time of the 
discovery of Uranus), soon perceived that a nearly circular orbit 
would probably best satisfy the observations of its path. Xor 
was it long befi>re an approximate value of the radius of its 
orbit was calculated. It was also found to possess an ordinary 
planetary disc. 

We need not recount the various discussions that took place 
as to the name to be given to this new brother amongst 
the planets, for which at first the unsuitable appellation of 
Georgium Sidus was proposed, in honour of King Gteorge III. 
It was also suggested that it should be named after Herschel 
•himself. Finally, however, the more appropriate name of 
Uranus, suggested by Bode, was chosen, in agreement with 
the system of mythological names already belonging to the 
other planets; while the astronomical symbol fti was also 
adoi)ted for it, the principal portion of which worthily com- 
memorates the initial of its discoverer's natne. 

We may remark in passing that, although it may in one 
sense be said, that Sir W. Herschel discovered the planet by 
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chance, its discovery was, in another sense, the just reward of 
many years of most ardaous labour. When we remember 
how vastly he improved by his own inventive skill and 
manual dexterity the powers of the telescope ; and that, year 
after year, he investigated, in the most regular and persevering 
maaner, vast regions of the sky, — or, to use his own forcible 
expression, swept the heavenSj — moving his mighty telescope 
from time to time, so that each successive strip of space which 
it fathomed might begin exactly where the preceding strip 
ended, and no object of interest be missed ; when we note 
that, at the very time at which he discovered the planet, he 
was engaged in a most careful series of such observations of 
the particular region in which it was found, with a view to 
select certain special stars whose distances from the Earth he 
might be able to determine ; and when we read how skilfully he 
at once noted and tested the peculiarity of its appearance, — we 
must acknowledge that the honour of achieving so important a 
discovery was never more fully merited. We rejoice to think 
that the recent occurrence of its centenary, in- the year 1881, 
has led Professor Holden to publish a most interesting account 
of the great astronomer's life, which, if possible, has caused 
his worth and talents to be even more highly appreciated 
than was previously the case. 

Indeed, the credit due to Sir W. Herschel becomes still more 
apparent when we notice, as subsequent investigations have 
proved, that various astronomers before his time, who were by 
no means devoid of skill and ability, had frequently observed 
this very planet without detecting its planetary character, and 
had noted its positions as those of a star. The earliest of 
such records is one by Flamsteed in December 1690 ; while 
from that date to the year 1771, the number of observations . 
amounted altogether to six by Flamsteed, three by Bradley, 
cue by Mayer, and twelve by Lemonnier ; six of which last 
were in one month, viz., January 1769. It has been well 
remarked that it was only a want of order and method that 
prevented Lemonnier from securing the discovery as bis own.* 
It is also surprising that Flamsteed did not make it. 

* Chambers' " Handbook of Descriptive Astronomy/' p. 169. 
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These previoas positions of the planet were of the utmost 
use. They at once gave astronomers much information as 
to its orbit and movements^ in order to obtain which it -would 
otherwise have been necessary to wait for a long series of 
subsequent observations ; and, as we shall presently see, they 
happened to have been made in an especially important portion 
of the planet's orbit 

As soon as that orbit was even roughly calculated, it was 
observed that its mean distance from the Sun was rather 
more than double that of the orbit of Saturn, and in very 
remarkable accordance with the distance that would be g^ven 
by Bode*s so-called law. 

We may remind our readers * that Bode's law suggests for 
Saturn's distance the number 100, if the Earth's distance be 
represented by 10, while the next term in the series is 196. 
Now it is found that the actual distances of Saturn and Uranus 
are respectively very nearly as 95 and 192. That of Uranus 
is therefore somewhat less than Bode's series would require, 
but only by about ^V^h part ; the actual difference, however, 
owing to the enormous scale of its orbit, being about 36,000,000 
miles. 

The eccentricity, or degree of ovalneas, of the orbit of Uranus 
is found to be about three times that of the Earth's orbit, 
although less than those of all the other planets except Venus 
and Neptune. Its mean, or average distance, which is about 
1,785,000,000 miles, consequently increases, by rather more 
than a ^V^h i)art, to about 1,868,000,000 miles when Uranus is 
at its furthest from the Sun, or in Aphelion; and in like manner 
decreases to about 1,702,000,000 miles when the planet is in 
PeriAelian, or at its nearest to the Sun. 
» It may be observed that the difference between these two 
last-named distances, viz., 166,000,000 of miles, is between 
four and five times as great as the amount by which the mean 
distance falls short of that which Bode's law suggests. The 
agreement with that law may therefore be considered remark- 
ably close, although it certainly requires a little familiarity 
with the huge numbers involved before we can bring ourselves 
* See Lecture V., page 123. 
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to speak of a difference of 36,000,000 miles a9 a ccmparatively 
trifling matter. 

In an orbit at sach a distance from the San, the period of 
Uranus is necessarily very long ; in fact, it ocScupies rather more 
than eighty-four years in performing its circuit once round i^. 

Its onward velocity in its orbit is not much more than |th 
of that of the Earth, but is nevertheless sufficient to carrj" it 
forward at the rate of some 16,000 miles per hour; e>., at 
rather more than four miles per second. 

When due allowance is made for its enormous distance, it is 
found that the apparent diameter of its globe, which is equal 
to about four seconds of angular measure, indicates a real 
diameter of about 32,000 miles. Its surface is therefore be- 
tween sixteen and seventeen times as great as that of the 
Earth, and its volume about sixty-six times. Its volume is 
nevertheless only about ^V^h of that of the apparent globe of 
Jupiter, and about y^th of that of Saturn. 

When its weight is calculated from the observed movements, 
of its satellites, it is found that it amounts to about fourteen^ 
times that of the Earth. The above-mentioned volume con- 
sequently involves a value for the mean density of the planet 
equal to about 1^ times that of water, or between ^th and |th 
of that of the Earth. In other words, if the materials of which 
Uranus is made were of the same average density as those of 
the Earth, the planet would weigh between four and five times- 
as much as it does. 

The attraction of gravity upon its surface, as the result of its. 
lighter density but larger size, is found to be somewhat less, 
than upon the Earth's surface, but only to such an extent, that 
a weight of one pound transferred from the Earth to Uranus- 
would be reduced to about 14^ ounces. It is, perhaps, rather a.' 
curious coincidence tliat, upon a planet so different in size and 
constitution from the Earth, weights would be so little altered. 

Owing to its great distance from us it is difficult to decide 
as to the existence, or otherwise, of any ellipticity in the shape 
of the globe of Uranus. In 1842 and 1843 Miidler, however, 
made measurements which indicated that it was compressed at 
its i^oles in about the same degree as Saturn, but subsequent 
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observations have not supported his conclusion, nor have they 
revealed any other decided physical features. Sonae traces of 
a belt were at one time supposed to be seen upon it, but this 
was exceedingly doubtful ; while the suspicion of the existence 
of a ring surrounding it, similar to those of Saturn, has been 
quite given up. 

In 1870 and 1872 Mr. Buffham, observing in Bonner's Road, 
Victoria Park, with a 9-inch mirror by With, thought that he 
detected a rotation of the planet ujwn its axis in about 1*2 
hours, from the motion of certain spots, or portions of a belt, 
upon its surface ; but since that date, so far as we are aware, no 
other observer has confirmed his statement. 

It is useless to discuss the habitability of Uranus, and very 
hard to conceive its possibility. We may, however, remark that, 
if any inhabitants could exist upon it, they might, at intervals 
of nearly fifteen years, see Saturn at its greatest elongation 
from the Sun as a morning or evening star. But, even when 
80 seen, its light would only amount to about y^^th part* of 
that which it exhibits to the Earth when most favourably 
situated in Opposition. 

On the other hand, Neptune would be far better seen when 
near to Opj)Osition than from the Earth, and might shine with 
seven times as much light. It is just possible that Jupiter 
might be detected by a very careftil scrutiny, even as Mercury 
is with difficulty seen by us ; but Mars and the Earth, and all 
the other planets, would always be much too near to the Sun 
to be visible. 

So remote is the planet Uranus that the intensity of light 
And heat which it receives from the Sun is only equal to about 
^J^^th of that which the Earth enjoys. That same remoteness 

* Saturn, in the two cases referred to, would be at distances from 
TJranus and the Earth respectively, of which the former would be fully 
12^ times as great as the latter. In the former case its phase would also 
be only that of a half -moon, in place of the fully iUuminated disc which it 
tshowB to the Earth when in Opposition. The increase of distance would 
diminish its light in the ratio of the square of that distance, or between 
five and six times ; and the half -moon phase would further reduce it by 
•one-half; or to about i^th of that which we see imder the most favourable 
.circumstances. 
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also involves that its distance from the Earth is never less 
than abont 1^610 millions of miles. And yet, at so great a 
distance, four Satellites of Uranus have been discovered which 
have been so carefully followed in their orbits that their ever- 
changing places can be regularly predicted. 

Of these Satellites Sir W. Herschel discovered two in January 
1787. He also imagined that he obtained glimpses of four 
others, but his observations were not, in any wise, so precise 
and accurate as were those of the first two which he detected, 
nor have they received subsequent confirmation. It is now 
generally considered that only four satellites of Uranus are 
visible in our largest telescopes : two of which were found by 
Sir W. Herschel, and two subsequently by Mr. Lassell, in 1851,* 
both of which latter are nearer to the planet than either of 
HerschePs, so that their periods in their orbits are ver}' short ; 
viz., about 24 and 4 days respectively. The periods of the outer 
two have, by subsequent observation, been foimd to accord 
very closely with the values of about 8 J days, and 13^ days, 
first announced by Herschel. 

To these four Satellites the names stated in the following 
table have been assisrned. 



SAteUiteB of Uranus. Periodic Times. 



Ariel 12 days 12J hours. 

Umbriel ' 4 ,, 3| ,, 

Titania 8 „ 17 „ 

Oberon 13 ,, 11 „ 



Distances from Uranus. 

about 120,000 miles. 
„ 170,0:,0 „ 
,, 280,0(0 „ 
„ 370,000 „ 



In some text- books of astronomy, of not very recent date, 
a list is given of the six Satellites which Sir W. Herschel 

* Some glimpses of one, or both, of these were, perhaps, obtained by 
Mr. Lassell, and possibly of one of them by M. Otto Struve, somewhat 
before the above date, but their undoubted discovery by Mr. Lassell dates 
from 24th October, 1851, at Starfield, near Liverpool. He announced 
to the Royal Astronomical Society in November of that year very ap- 
proximate periods for the two new Satellites, which were only slightly 
corrected by the observations subsequently made in the clearer atmosphere 
of Malta, to which island he removed his telescope of 2 feet in diameter, 
in the autumn of 1852. 
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believed that he had seen, and of their distances and 
periodic times. A reference to hig original memoir in the 
"Philosophical Transactions" for the year 1798 will, however, 
show, that he simply calculated those periodic times by Kepler^s 
2nd law, from the supposed distances from the planet of Jour 
out of the six ; and that he did not obtain them, except ia the 
case of those now called Titania and Oberon, by watching the 
satellites as they performed successive revolutions. He also 
only fixed the distance of the innermost of the six by an 
observation of its place, when he thought (although he coald not 
be very positive about it) that it was most probably not far from 
its greatest elongation. Then he somewhat vaguely suggested 
that the orbit of one, which he believed to revolve between 
Titania and Oberon, might probably be just half-ma}/ between 
their orbits ; and that, of two others outside them, one might 
move in an orbit of double, and the other of four times 
the radius of that of Oberon. The periodic times calculated 
to suit these hypothetical distances are, of course, no more 
certain than the distances themselves. 

We do not, in mentioning these facts, intend for an instant 
to derogate from the skill and accuracy of Herschel's work as 
an observer. We only desire to caution our readers not to 
attribute, as we think some writers have, an accuracy to the 
above statements far greater than he ever assigned to them. 
There is no doubt that, with an instrument of his own con- 
struction, he discovered Titania and Oberon nearly fifty years 
before the year 1834, when they were next seen again by Sir 
John Herschel * with a telescope of 20 feet in focal length 
similar to that which his illustrious father used, and nearly 
sixty-five years before Mr. Lassell discovered Ariel and 
Umbriel. Whether Sir W. Herschel, in every case, mistook 
some small stars for additional Satellites, or in some of his 
supposed observations (as Professor Holden, after a careful 
consideration of them, thinks to be possible, or even probable) 
really perceived one of Mr. Lassell's two, it matters not. The 
only observations of any importance made by Herschel were 
confined to Titania and Oberon. He himself says as plainly 
♦ Professor Holdeu's " Life and Works of W. Herschel/' p. 14». 
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as possible in his memoir, that "farther observations," for 
which we presume that he had neither time nor opportunity, 
naust " furnish us with proper data for more accurate determi- 
nations;" and that "the accuracy of the periods stated 
depended entirely upon the truth. of the assumed distances." 

But much the most remarkable fact relating to these 
satellites and their movements still remains to be mentioned. 
It is this, that they revolve in orbits which are so tilted (if we 
may be allowed the expression) that they are nearly perpen- 
dicular to the plane of the orbit of Uranus. This latter plane 
only differs by less than l"* of inclination from the plane of the 
ecliptic in which the Earth moves. In fact, the two are more 
nearly coincident than in the case of the orbit of any other 
planet ; and yet we find this very anomalous position of the 
planes in which the satellites revolve. 

It is well-known that the orbits of comets may be inclined 
at all possible inclinations to the ecliptic ; but we have hitherto, 
in our description of the other planets and satellites of the 
Solar System, met with nothing like the case of these satel- 
lites. If the inclination of their orbits were equal to a right 
angle, it would technically be said to be 90"*; as it is, it is 
believed to amount to about 82'*. 

It moreover follows, that, if these satellites rotate in, or 
nearly in, the plane of the planet's equator, as do those of 
Jupiter and Saturn, that equator must also be tilted in a like 
manner. 

It must, however, be remembered that this last supposi- 
tion, although it may be probable, is in no wise proved to be 
true. If it be so, the state of things is very nearly that which 
would result in the case of such a planet as Jupiter (whose 
equator is only inclined veiy slightly to the plane of the 
ecliptic), if we could arrange as follows. First, that an axis of 
its figure should project for some distance from each of its 
poles, and secondly that the plane of its equator should be 
extended, beyond the boandary of its globe, to a distance equal 
to that of its furthest satellite. Then, if we'could take hold of 
the two ends of the projecting axis, and turn it through 
an angle of 90 degrees, so as to bring it very nearly into the 
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plane of the ecliptic, as is indicated farther on in Figs. XC. 
and XGL, the planet's equator and the orbits of its satellites 
would become nearly perpendicular to that plane. 

Let us, however, for a moment or two suppose the coinci- 
dence of the planet's axis with the ecliptic to be exact, and 
consider the exceedingly remarkable results which would 
follow. They would, of course, be such as would exist upon 
the Earth, if its polar axis were, in like manner, in the plane 
of the ecliptic, instead of being inclined to it at an angle of 
66J°. It is easy to understand that the peculiarities of the 
polar regions would under such circumstances extend over the 
whole of the Earth, as would also those of the tropics ; the 
arctic circles would be brought down to the equator, and 
the tropics of Cancer and Capricorn would be moved up to 
the poles. 

At the poles the sun would remain visible as at present for 
six months at a time, but in the height of summer it would be 
vertically overhead at noon ; while for three months after the 
spring equinox it would describe a spiral curve in the sky, 
first going round close to the horizon, then gradually ascending 
higher, and travelling day by day in smaller and smaller circles, 
until it would be nearly fixed in the zenith on the day of the 
summer solstice and for some days before and after that date. 
Upon one-half of the globe the days would increase from 12 
hours in length at an equinox, until, at the summer solstice, the 
whole hemisphere would see the Sun during a day of 24 hoars. 
Upon the other half the nights would increase in like manner, 
until at the winter solstice they would be 24 hours long, and 
the Sun would be invisible for the whole of the day throughout 
the hemisphere in question. At places near to the equator, 
when the days would be longest, the Sun would all through the 
day keep very close to the horizon, since it would go round the 
pole of the heavens, which would itself be so situated, in a very 
small circle ; just as at places near to the poles, it would, at the 
same time, appear to go round the celestial pole, in a similar 
small circle, near to the zenith. 

All this may be easily worked out, by imagining the globe of 
such a planet to circuit round the Sun while keeping its axis 
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of rotation always parallel to itself and in the plane of tlie 
ecliptic; so that the axis in question would pass through the 
Sun at the solstices^ while the Sun's distance from a pole of 
the heavens would change from zero at a solstice to 90° at an 
equinox. Upon this supposition^ figures may easily be drawn^ 
similar to those used for the Earth in the earlier part of 
Lecture VIII., which would indicate the Sun*8 daily path for 
various seasons and localities. 

In such a case it can also be shown^ if the satellites moved 
in the plane of the equator of Uranus^ that they would 
appear^ when seen from any place upon the planet, to describe 
a daily path in the sky which would always intersect the 
horizon in its east and west points. If an observer were upon 
the equator, they would pass through his zenith at mid-day ; 
if he were near to a pole, they would all the day long keep 
close to his horizon ; while they would cross his meridian at 
an intermediate elevation for intermediate places of observa- 
tion. All this can be readily concluded from the fact that 
they would constantly be 90° from either pole of the heavens, 
the altitude of which above the horizon of any place, as in the 
case of the Earth (see Lecture VIIL, p. 180), would be equal to 
the observer's latitude. 

Let us, however, next consider what appearance they would 
present to an observer upon the Earth, if they thus rotated 
round Uranus in a plane at right angles to the ecliptic. It is 
evident that, if at any time that plane were turned edge- 
wise to our view, they would seem simply to travel up and 
down in straight lines perpendicular to the ecliptic, passing 
alternately before and behind the planet. On the other hand, 
if that plane should at any time be at right angles to our 
view, they would seem to go round the planet in circles. At 
intermediate times their paths would appear as ellipses of a 
greater or less degree of ovalness. But in every case their 
motion would be in a plane whose direction would be to the 
north and south of the ecliptic, and always perpendicular to 
it. They would not have any motion at all round Uranus 
from east to west, or from west to east, relatively to the 
ecliptic. 
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The actual state of things in the case of the Satellites is 
not, however, exactly thus. But it really is such as "wonld 
happen, if, in our imaginary procedure, by which we have sug- 
gested that such an axial position as is supposed to exist in 
Uranus might be brought about, we had tilted a planet's axis, 
NS, supposed to be originally perpendicular to the ecliptic (see 
Fig. XC), through a little more than 90° ; in fact, through 
about 98°, or to the position NjSi, so as to bring the end that 
was above, or north of the ecliptic, a little helow it to n^ ; and 
the other, or south end of the axis, a little ahote it to Si. 




Fig. XC— V8 iB a planet's axi£ perpendicular to the plane of the ecliptio ; V|8| the soLme 
axis turned through WP, The oorreaponding poaitionB of the plane of the planet* a equator, 
and the directions of the motion of a satellite revolving in it from west to east, are also 
shown. 

It is easy to see that, in this case, the satellites of the planet 
would have a small amount of motion from east to west with 
regard to, or (as it is technically termed) resolved upon, the 
ecliptic, because their orbits would not be quite perpendicular 
to it. And it would result, as a careful consideration of the 
arrows in Fig. XC. shows, that any such part of their motion 
would appear to us to be from ecLst to rtoest^ and not from west 
to east\ ue.y its direction would be cordrary to the general 
direction of the motion of other planets and satellites, owing 
to the south pole of the planet having been transferred to a 
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position slightly to the north of the ecliptic. And the planet 
itself^ if we could see spots upon its surface, and thus observe 
its rotation, would also appear to go round on its axis in the 
opposite direction to that in which the other planets turn. 
Indeed, we think that this may very probably prove to be 
actually true in the case of Uranus, if we ever detect its 
rotation* 

Under the above-mentioned circumstances, the motion of 
the satellites in their orbits would of course appear to an 
observer upon the planet to be in the ^ame direction as that 
of the rotation of Uranus upon its axis. It would matter not 
whether he might choose to describe it as being from west to 
east, or from east to west ; east and west being in any such 
case merely relative terms. But what is more important is, 
that such an observer would see the Sun and the other planets 
and their satellites, if he could watch their axial and orbital 
rotations, all apparently turning and travelling in an opposite 
direction, with the single exception of the motion of the satel- 
lite of Neptune in its orbit, and possibly of Neptune's own 
movement upon its axis. 

It should, however, be noticed that we might have equally 
well supposed the axis of the planet to have been brought nearly 
into the ecliptic, by turning it from the position ns, in which 
it is perpendicular to it, through a little less than 90°, or, to take 
the actual case of Uranus, through about 82°, in the opposite 
direction, so that it would take up the position n^s, in Fig. 
XOI. But if so, the north pole, Ni, originally above the 
ecliptic, would remain above it in the position n„ and it would 
be necessary that the satellites should have revolved. originally, 
not from rvest to ea^t, according to our use of these terms, but 
from east to west^ in order that after the change of the direction 
of the planet's axis they might travel as those of Uranus are 
seen to do. We therefore think that it is, upon the whole, 
better to describe what takes place as if it had occurred upon 
the other supposition which is shown in Fig. XC. 

The above statements, in which we have endeavoured, as far 
as possible, to explain what is undoubtedly a rather complicated 
matter, may perhaps help some of our readers to understand 
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what is meant in ordinary text-books of astronomy, when it is 
said that, for direct motion of the satellites of Uranus, we 
must consider the plane of their orbits to be inclined at aboat 
98° to the ecliptic, that is at rather more than a right angle ; 
and for retrograde motion at about 82°, that is at rather less 
than a right angle. 

After all it does not, however, very much matter whether 
we take it, that the actual amount of retrograde (or east to 
west) motion relatively to the ecliptic, which we observe the 




Fig. XCI.— H8 i« a planet's axis perpendicular to the plane of the ecliptic ; va ^« l 

axis turned through 8S°. The corresponding positions of the plane of the planet's 
equator, and the directions of the motion of a satellite revolving in it from west to east, 
are also shown. 

satellites to possess, is such (in agreement with the former of 
our two suppositions) as would be produced, if the south pole 
of Uranus had been brought up a little above the plane of the 
ecliptic, while the satellites originally travelled round it, as 
others in general do, from west to east ; or whether it be said, 
(in agreement with the other supposition) that they move as 
they would, if the north pole of the planet had been brought 
donm nearly to the ecliptic, while they may have originally 
gone round in the reverse direction. For, in either case, the 
great peculiarity really is, that the orbits of the satellites are 
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SO tUted up, that there is at all times hardly >ilij£.Ji^^iWft!lJSi^ 
them either from west to east, or from east to westy round a 
perpendicular to the plane of the ecliptic. In the same way 
it would probably not be so much a matter of astonishment 
to an observer upon the planet, if other neighbouring planets, 
such as Jupiter and Saturn and their satellites, were seen to 
have a different direction of rotation, as it would be to find, 
that their axes, instead of being nearly in the plane of the 
ecliptic, were nearly perpendicular to it, and the orbits of 
their Satellites nearly in it. 

And here we may anticipate one portion of what we should 
otherwise state somewhat further on in this lecture with regard 
to the satellite of the still more distant planet Neptune, viz., 
that its motion relatively to the ecliptic is also apparently 
retrograde ; and not only so, but in a much more decided degree, 
for the inclination of the plane of its orbit to that of the ecliptic 
is only about 36° The orbit is therefore far less nearly per- 
pendicular to that plane than those of the moons of Uranus ; 
and the satellite of Neptune consequently possesses a very con- 
siderable amount of apparent motion, as it journeys round the 
planet, which is in a direction the reverse of that of the 
general movements of the Solar System. It therefore follows 
from our previous explanation that ; — if we are to suppose the 
planet Neptune to have originally revolved upon its axis from 
west to east, and its satellite to have revolved around it in the 
same direction, as is certainly the case for all the other planets 
and their satellites with the exception of Uranus, and if the 
satellite also moves nearly in the plane of Neptune's equator ; 
— what was originally the north pole of the planet above the 
ecliptic must have been depressed not only to a small angle, but 
to something like 55°, below it. 

The probable position of the axes of these planets is con- 
sequently anomalous. It seems very difficult to conceive how 
it could have been brought about. And yet, to imagine, that 
in some way the end of each axis primarily above the ecliptic 
has been brought below it, as in Fig. XC, and the plane of 
the planet's equator and of the orbits of its moons turned 
through a corresponding angle, appears to be the best way to 
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get over the difficulty (in which we should otherwise be in- 
volved) of supposing the orbital motion of the satellites to 
have been originally reverse to that obtaining in the rest of 
the Solar System^ and possibly reverse to that of the axial 
rotation of the planets iiiemselves. We certainly hesitate to 
believe that any such reverse motion can have existed in the 
early history of our System, not only upon the grounds of 
symmetry and analogy, but, if for no oUier reason, because 
it would involve in the greatest possible difficulties the 
important Nebular Theory of Laplace, which necessarily 
assumes all the original motions to have been in one and 
the same direction. It is, however, almost equally hard to 
conceive by what possible cause so vast a change in the 
supposed direction of the axes of the planets, as we have 
suggested, could have been brought about* 

So little is known about Uranus, that there is only one other 
fact relating to it to which we wish to draw attention. We 
refer to an interesting comparison between its light and that of 
one of the satellites of Jupiter, which is to be found in Flam- 
marion*s " Popular Astronomy " (page 673). He mentions 

* It must, howeveFj be remembered, as we have abeady mentioned, that 
we have no positiye proof as to the position of the plane of the equator 
of Uranus, inasmuch as we cannot detect its axial rotation. It is only 
upon the ground of a probable analogy with Jupiter and Saturn that it is 
suggested, that the plane of its equator may nearly coincide with the orbits 
of its satellites. If, however, this is not the case, we believe that it would 
make a very great difference to observers upon Uranus, whether the axis 
of the planet may have a greater, or less, inclination than that of the orbits 
of the satellites to the ecliptic, which is most probably about 82''. Those 
of our readers who are acquainted with mathematics may be able to see 
that, if its inclination be less, and there be a precession of the equinoxes 
upon Uranus, then, during alternate halyes of the period of that preces- 
sion, the apparent orbital motion of the satellites, as regards rotation 
from east to west, or vice versd, round the axis of Uranus would be 
reversed. A similar change would also occur during alternate halves of 
the period of the revolution of the nodes of the orbit of any one of the 
satellites. We do not notice any such effects in our own Moon's 
apparent orbital path among the stars, because the inclination of the 
Earth's axis to the plane of the ecliptic, which is 66j^°, ia greater than the 
incUnation of the plane of the Moon^s path (which is in fact only 
about 6°). 
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that^ on Jane Sth, 1872^ the two planets might have been seen 
at an apparent distance only eqnal to 1^ times the diameter of 
Jupiter, had not daylight prevented the observation. But, at 
y p.m., Japiter and its fonr satellites, together with Uranus, 
were beautifully grouped in the field of view of the telescope ; 
Uranus being situated almost exactly above the 3rd or largest 
satellite. The two were apparently of the same size, but the 
planet was rather more brilliant in itp light. It therefore 
follows that the light of Uranus (at that time) slightly exceeded 
that of a 6th magnitude star, and that it is, as observation has 
often proved to be the case, under such circumstances just 
perceptible by the naked eye. 

The Planet Neptune. 

We have already more than once mentioned the planet 
Neptune as the most remote from the Sun of all those with 
which we are acquainted. We have spoken of its orbit as 
lying very far beyond that of Uranus ; but we have not as yet 
referred to the very remarkable character of the investigations 
by which it was discovered in the year 1846. 

That discovery, which we now proceed to explain, is un- 
doubtedly the greatest modern triumph of the mathematics 
of astronomy; a triumph which makes us feel how much more 
appropriate the word " now " would be, if substituted for the 
twice recurring '^nor^'' in the lines of Prior: — 

** Each planet shining in his pro[)er sphci-c, 
Doth with just 8|)eed his radiant voyage steer ; 
And in his passage through the liquid space. 
Not hastens, iwr retards, his neighbour's race." 

Most of our readers may already be aware, that this last 
addition to the known members of the Sun's family was 
detected in its far distant path by no mere chance or accident. 
There was nothing unexi>ected in the first observation of it, as 
in the case of Uranus. On the contrary, two great mathema- 
ticians who, in common with the rest of the scientific world, 
had good reasons for believing that such a planet must exist, 
calculated, by long and arduous processes, in what direction 
to point the telescope by means of which it should be seen. 
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They were Mr. Adams (now Lowndean Professor of Astronomy 
in the University of Cambridge), and M. Le Verrier* (late 
Director of the Observatory of Paris), whose comparatively recent 
death is mourned as that of one who, by his untiring assiduity 
and his splendid ability, apart from the discovery of the planet 
Neptune, has conferred benefits almost beyond all estimation 
upon the science he so much loved. The honour of the dis- 
covery is so great that it can well afford to be divided between 
these two distinguished astronomers. 

The planet was practically found, and its place was pointed 
out, within a degree of longitude, by Le Verrier, and within less 
than 2i degrees by Mr. Adams, simply and solely as the result 
of theoretical calculations of the most elaborate character. But 
the difficulty of the problem thus solved was immense. Some 
idea of it may perhaps be gathered from the following state- 
ment. 

When the observations made of the planet Uranus during 
some fifty years after its discovery in 1781 were compared with 
the previous observations of it, to which we have referred in 
the earlier part of this lecture, ue., with the records of its place, 
which were found to have been made at various times without 
its real character being known, it was noticed, that there was 
apparently a considerable amount of irregularity in its past 
movements ; and that this irregularity showed a tendency to 
increase again. For a considerable number of years before the 
year 1822, and especially after the year 1800, the planet seemed 
to have gained speed in addition to that which would properly 
correspond with its distance from the Sun ; but, as the year 
1822 drew nigh, the rate of increase in its speed diminished, 
and after that date it seemed that some retarding influence 
began to act upon it, the effect of which, in a few years' time, 
became decidedly vigorous. 

Fig. XCII. illustrates the hypothesis by which it was sug- 
gested that this peculiarity in the movement of Uranus might 
be explained. It was thought, that an additional planet might 
possibly be situated in an orbit exterior to that of Uranus, the 
attraction of which might have acted (although the real effect 
* It may be noticed that we have put the two names in alphabetical order. 
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is considerably more complicated) somewhat after the manner 
indicated by the arrows in the diagram, and thus have alter- 
nately accelerated and retarded the velocity which Uranns 
would otherwise have possessed.* 

The problem of investigating where Uiat planet might be 
was altogether an indeterminate one, and the number of 
equations of condition and unknown quantities involved, very 
numerous. It was evident that a larger planet farther off, or 
a smaller one at a nearer distance, might equally well produce 
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Fig. XCIL^IUostrating the perturbation of motion of Uranas by Neptune. 

the observed result. Nor was it possible to make a preliminary 

♦ In Herschers " Outlines of Astronomy," sec. 760 et »eq,, a full ex- 
planation of the theory of the action of Neptune upon Uranus is given. 
It is there shown, by a beautiful and ludd geometrical process, that the 
direct, or tangential, effect of Neptune upon the velocity of Uranus, 
which is all that Fig. XCII. indicates, would be of comparatively little 
importance except for a moderate number of years on each side of the 
date of its opposition in 1822, near to which time its effect would 
first experience a rapid increase, followed by an equally rapid decrease. 
It is, moreover, proved that Neptune would also exert another effect 
normal to the path of Uranus, by which it would draw it from time to 
time nearer to, or farther from, the Sun, and thus indirectly alter its 
velocity, by changing the power of the Sun's attraction upon it. This 
latter effect is, however, much slower in action, less important, and more 
difficult of explanation than the other. 
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calculation of the distnrbing effects of the yarious other planets 
upon the path of Uranus (or rather of those of Saturn and 
Jupiter, which would be by far the most important), and 
then to say, that any outstanding! irregularity must be caased 
by an exterior planet. 

If this could have been done, it might have been a compara- 
tively easy matter to calculate at any given moment, from the 
extent of that irregularity, where, and how large, such a planet 
must be. But the only way in which mathematical processes 
at present enable us to investigate the positions and movements 
of the planets, is by a method of successive approximation, 
which involves the effect of any one upon all the rest, and of 
all the rest upon it, in a sort of inextricable intimacy, such 
that it is impossible to separate any one of these effects from 
the remainder. The planets must all be supposed in our cal- 
culations to be acting and reacting upon the movements of 
each and all, at one and the same time, and even to be 
mutually acting and reacting upon one another's disturbing 
effects. 

It was, however, only natural that both Le Verrier and 
Adams should imagine, from the analogy of the known planets, 
that, if another large one existed still more remote from the 
Sun, the size of its orbit would approximately follow Bode^s 
law, and that it would, like the rest, most probably move 
nearly in the plane of the ecliptic. Having made these sup- 
positions, they next determined, by very complicated calcula- 
tions, the probable position of such a planet at the time at which 
their investigations were made, ue., in the year 1846. And so 
nearly did their results indicate its true place, that it was found, 
by Dr. Galle, of Berlin, the first night that he looked for it, in 
the locality assigned by Le Verrier ; while it was afterwards 
shown, that the calculations of Adams were amply sufficient to 
have detected it with almost equal facility. In fiact, even 
before l)r. Galle's announcement of Le Verrier's discovery, it 
had been twice seen at the Observatory at Cambridge, in the 
neighbourhood in which Mr. Adams had requested that search 
might be made for it. For want, however, of sufficiently 
accurate charts, it was for the time being recorded as a star 
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(and not as a planet) in two different positions, which, as soon 
as time permitted, would by their comparison have demon- 
strated its onward movement, and consequently have proved 
its real character.* 

We think we are indeed justified in calling this a triumph. 
Perhaps it may be some day repeated, and irregularities in 
Neptune's orbit be used to deduce the place of a yet more 
distant planet. The movements of Neptune have indeed been 
already watched with this object in view, but any attempt to 
solve the problem is at present premature. The investigation 
would, of course, be much more difficult than it was in the 
case of Uranus. Nor are we, at present, able to calculate the 
orbit of Neptune itself with such accuracy that we can be 
perfectly certain of the extent to which irregularities occur in 
its motion ; although we are aware that the attractions of some 
of the other planets do undoubtedly, and very considerably, 
perturb its path. 

One striking illustration of such perturbations of its move- 
ment, first brought under our notice by the kindness of 
the Astronomer Boyal (Mr. Christie), may be both interesting 
and instructive. It is, that, at the end of 1881, Neptune 
was about 500,000 miles further from the Sun than it was 
in 1876, or than it probably will be in 1887, or near to that date. 

Now the year 1881 is that in which, if Neptune's motion were 
undisturbed, it would pass through its Perihelion, or make its 
nearest approach to the Sun ; but tJie result of the above per- 
turbation (which is chiefly due to Jupiter) is, that its distance is 
really 500,000 miles less, about five (or six) years, both before, 
and after, that date. That is to say, it practically passes 
through two Perihelia, one of which occurred in 1876, while 
the other will be in, or about, 1887. This may, at any rate, 

* It should also be mentioiied that, just as it was found after th( 
disooyery of Uranus that it had been previously observed, and its place 
recorded as that of a star ; so in like manner two observations of Neptune 
were found to have been made by Lalande, on May 8th and 10th, 1795, 
fifty-one years before its discovery in 1846. Indeed Lalande noticed that 
the places observed on these two days did not agree, but, instead of 
imagining that the object might be a planet whose proper motion caused 
the discordance, he simply rejected that of May 8th as erroneous. 
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make it clear, that some of these planetary perturbations are of 
no small moment, and help to indicate how difficult it was to 
determine the probable position of Neptune from the disturb- 
ance of the movements of Uranus, when it is seen how 
Neptune itself is perturbed.* 

Far away from the influence of the Sun's genial warmth, or 
perhaps we should rather say, almost beyond any possibility of 
benetit from it, although not beyond the control of its mighty 
gravitating attraction, Neptune pursues its tedious journey. 
The observations made since its discovery prove its mean 
distance from the Sun to measure very nearly 2,800,000,000 
miles. It is therefore about thirty times as far away as the 
Earth from the centre of the Solar System. 

It may be well to notice that such a distance is very 
different from that which Bode's so-called law would involve. 
To correspond with this series, it should be 800,000,000 miles 
greater than it is ; which would also involve a periodic time 
for the planet's rotation round the Sun about sixty years longer 
than its real period, which is nearly 165 years. 

Neptune's velocity as it travels round the Sun is about 3^ 
miles per second. Its speed is therefore only about ^th of that 
of the Earth, and |th of that of Mercury, but nevertheless 
200 times as great as that of an express train. Its probable 
diameter — as to which there is, however, some doubt, since 
its immense distance makes it difficult accurately to measure 
the apparent width of its disc — ^is about 35,000 miles, i^., it 
is about ^th greater than that of Uranus. 

*It afterwards proved that the hypothetical planet employed in the 
calculations of Le Terrier had been supposed to be located in an orbit, 
the mean distance of which from the Sun was about 570,000,000 miles 
greater than that of Neptune, while its mass was about twice as great. 
In like manner, the mean distance, assumed by Mr. Adams for his planet, 
exceeded that of Neptune by about 675,000,000 miles, and its mass was 
three times the real value. Nevertheless, the effect that each would have 
produced upon the movement of Uranus, in the portion of its orbit which 
it described in about twenty years on either fdde of the date of the year 
1822, was so nearly the same as that of Neptune itself, that in each case 
the result of the calculations made almost exactly indicated the true 
dire^^Hon in which the unknown planet was to be found in 1846. 
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Its surface is not quite 20 times, its volume somewhat more 
than 80 times, that of the Earth. 

Its density, which is slightly less than that of Uranus, and 
somewhat greater than that of water, is about equal to |th of 
that of the Earth. Notwithstanding its much greater volume, 
its weight is therefore only about 16 times the Earth's weight. 
The attraction of gravity upon its surface is almost exactly the 
same as upon that of Uranus, or about yV^hs of what it is 
upon the Earth. 

The intensity of the Sun's light and heat received by Nep- 
tune, and the apparent area which its disc would present to an 
observer upon the planet, are only about yj^th of what they 
are for an observer upon the Eajrth. The Sun seen from it 
would therefore offer no appreciable disc to the naked eye, but 
would simply look like a very brilliant star. 

Neptune possesses, as we have already mentioned in our 
discussion of the moons of Uranus, one Satellite, which was 
discovered by Mr. Lassell in October, 1846. Its distance from 
the planet's centre is about 220,000 miles ; its period in its 
orbit about 6* 2P 8*". As far as we can judge from its 
visibility at its enormous distance from the Earth, this satel- 
lite is probably much larger than any other with which we are 
acquainted. 

It may be interesting to notice that, in the case of Neptune 
(see also om* remarks with regard to the planet Mars, p. 262), 
it is because it possesses a Satellite that we are able to weigh 
it, as we have above stated, with very considerable accuracy. If 
it were not for this we should have to use indirect methods 
which would render the problem vastly more difficult. 

We suppose that our readers must by this time have perceived 
that we really know but very little about either of these two 
far-distant planets, Uranus and Neptune. Nevertheless it may 
not be amiss if we endeavour to extend our gaze somewhat 
further still by asking : — Do any other planets, even more 
distant than these, exist beyond them ? 

At present, as we have mentioned, the study of the per- 
turbations of Neptune's movement has not afforded any 
satisfactory indications in favour of an affirmative reply, to this 
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query, although Mr. Todd has even gone so far as to make a 
careful search with the great Washington telescope, in a reg-ion 
of the heavens where he had some reasons for thinking that 
snch an outlying planet might possibly be found. 

Nor does another ingenious method by which the same 
difficult problem has recently been attacked by Professor Forbes 
of Glasgow, depending upon a well-known peculiarity of certain 
cometary orbits, seem likely to achieve any greater success. It 
is found, that the maximum distance from the Sun of several 
comets, whose paths have been accurately determined, is 
attained when it is nearly equal that of the orbit of Jupiter ; 
while there are others which (speaking approximately) attain 
a maximum distance which is nearly the same as that of the 
orbit of Saturn, or of Uranus, or of Neptune. Having attained 
such a position, they (so to say) turn round and begin to 
approach the Sun again. But this is just the sort of path 
which would now belong to any comet, which at some past 
date might have been previously moving in an altogether 
diflferent orbit, but while so moving might have happened, on a 
special occasion, to have passed very close to one of the above- 
named planets. In such a case the attraction of the planet 
would very likely have altogether changed the comet's orbit, 
so that it would be for the future such an one as we have 
described. 

What we have stated, then, comes to this : — A certain 
number of comets are found, whose maximum distances from 
the Sun (or, to speak more technically, the distances of whose 
Apkelia) are nearly equal to that of Jupiter. This can be 
shown to be a probable result of Jupiter's attraction upon 
them, and this series of comets may consequently be described 
as having orbits regulated, or dominatedy by Jupiter. Also cer- 
tain other comets are found whose orbits have in like manner 
been affected by Saturn, or by Uranus, or by Neptune. 

Professor Forbes has, therefore, suggested that, if a planet 
really exist beyond the orbit of Neptune, we may obtain some 
evidence of its presence by its effect upon the orbits of such 
comets as may, at some time or other, have passed very near to 
it. If we can find some of these bodies, whose paths show that 
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they have undergone a certain eflfect common to several o/tkem, 
it may arise from the attraction of such a planet. If others, 
travelling to a greater distance, show a repetition of another and 
a different effect, they may indicate the power of another and 
still more distant planet. Saitable calcnlations may point out 
the position in which to search for such planets ; but any such 
investigation must by its very nature be vastly less accurate than 
one which follows the method of Adams and Le Verrier. It is, 
however, so ingenious that it well deserves some consideration. 

We will now draw our remarks upon the planets to a conclu- 
sion by a brief reference to a hypothesis which we some time 
since discussed more fully in another course of lectures de- 
livered at Gresham College. We refer to the supposition 
that important results may arise from the passages of the 
planets, and especially of those of the larger planets, through 
their Perihelia^ or nearest positions to the Sun. 

It is, of course, well known that the Conjunctions and the 
apparent near approaches of the planets to one another (which 
only involve their being seen very nearly in the same direction, 
althoagh really many millions of miles apart), have always been 
believed by astrologers to have a baneful or beneficent influence ; 
a belief which is illustrated by the quotation from Shakespeare 
which forms a heading to this lecture. And any one may 
assure himself that such opinions are still maintained, if he 
will take the trouble to read ^^ Zadkiel's Almanac," or some 
more elaborate astrological work. He will there find that 
these planetary positions are supposed to act in combination 
with the relation of certain planets and their houses in the 
lieavens to individuals and countries ; nor need he be surprised 
if a considerable proportion of the vague prophecies made in 
connection with them sometimes come true, while probably a 
much larger proportion, to the failure of which little atten- 
tion is subsequently paid, prove to be false. 

We might quote many another poet in support of this belief, 
to which Byron refers in the well-known lines : — 

*' Ye stars I which are the poetry of heaven, 
If in your bright leaves we would read the fate 
Of men and empires ! " 
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Bat it is not only among poets or astrologei*s that such 
notions prevail. They maintain a remarkable hold upon the 
popular mind. Any oracular statement connected with them 
spreads with marvellous rapidity when once publicity is given 
to it. And, of late, certain prophets, or seers, seem to have 
taken up the theory that, in addition to any i-esults dependent 
upon their Conjunctions or Oppositions, the passages of the 
larger planets, ie. of Jupiter, Saturn, Uranus, and Neptune, 
through their Perihelia, may be expected to have most disastrous 
and disturbing effects upon the Earth, and may briag about 
plagues and pestilences of the most awful and destructive 
ehai*acter. An attempt has also been made to show, from the 
history of plagues, that, on one or two previous occasions, viz., 
in the sixth and sixteenth centuries, the effect of a near coin- 
cidence in the times of their passing through their Perihelia 
has been actually such. 

It has been stated that about every twelve years, when 
Jupiter thus passes, evil consequences result ; and that, once in 
every fifty-nine years, when the Perihelion -passages of Jupiter 
and Saturn nearly coincide in date, they are especially injurious. 

We have not now space to discuss this subject at length. 
We can only say that, although it is impossible to deny that the 
approach of a large planet may in some way act upon the Sun, 
or upon the Earth, we have, after considerable search, met 
with no sufficient record of any apparent connection between 
times of pestilence and such near approaches. On the con- 
trary, if any actual effect takes place, we should think that it 
might, by disturbing the Sun and increasing its heat, rather 
bless than curse the planets in general. And we should 
expect that the approach of a planet to the Sun when passing 
through its Perihelion might affect that planet itself (whether 
for good or evil) much more than it would, through its influence 
upon the Sun, affect any other planet ; so that some special 
commotion in the spots, or belts, of such a planet as Jupiter 
might possibly have some connection with its own Perihelion- 
passage. 

It must, of course, be carefully noticed that the near coinci- 
dence of the Perihelion-passages of the planets does not mean 
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that, when they so pass, they are nearly in the same direction as 
seen from the Sun, or all nearly in a straight line drawn from 
the Earth. On the contrary, it is only a near coincidence in 
time that is referred to, while the Perihelia in question may be 
in very different longitudes in the heavens. This is shown in 
Fig. XCin., in which the various dates and positions of the 




Fig. XCIII.— Positions t, s, v, v, of the Perbelia of the orbits of Jupiter, Saturn, Uranus, 
and Neptune, between a.d. 1876 and a.x>. 1887 ; and of the Aphelion of Jupiter in 1886. 

Perihelia of the orbits of Jupiter, Saturn, Uranus, and Neptune, 
which occur during several consecutive years, beginning with 
1876, are indicated. It is, however, impossible, with the scale 
upon which the diagram is drawn, to represent the orbits 
otherwise than as circles. 

It is quite true, as the above figure indicates, that Jupiter 
passed through Perihelion on September 25th, 1880 ; that 
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Saturn will so pass on October 19th, 1885; that Uranus so passed 
on April 9th, 1882 ; and that Neptune, as we have previously 
explained, would have done so in 1881, if its movements had 
not been perturbed ; but that it actually was at one nearest 
position to the Sun in March 1876, and will be so again in, or 
about, 1887, or 1888. 

In connection, with any such supposed effects as those to 
which we just now referred, it may also be remarked, that it 
cannot matter much whether, when any one of the above 
planets is in Perihelion, the Earth is very nearly between it 
and the Sun^ or not. For such is their comparatively slow 
motion, that, if the Earth were, at the date in question, exactly 
ui)on the opposite side of the Sun, Neptune would only have 
moved through ^th of its orbit away from its Perihelion, 
Uranus through about xTrr^^f Saturn through about ^V^h, and 
Jupiter through about ^V^^y before the Earth would catch 
them up and come between them and the Sun. In fact, even 
Jupiter would still be comparatively close, and all the others 
would be very close indeed, to Perihelion, when the Earth, 
between six and seven months afterwards, would make its 
next especially near approach to them by passing between 
them and the Sun. 

It is rather to be noticed, and is much more to the point, 
that, if any such effect be produced, the Earth may be under 
its influence for a considerable time, since, as it goes round i^ 
wAole orbit it will be decidedly nearer to any one of these 
planets which may be about to pass, or may have just passed, 
through its Perihelion, than if the planet were in, or near to, its 
Aphelion. 

For instance, Jupiter would, in the former case, be something 
like 46,000,000 miles nearer to the Sun during the whole of the 
EartKs year than in the latter case ; so that, instead of the 
Earth's distance from it varying, as it would near to its Aphe«- 
lion passage, from about 414,000,000 miles to 600,000,000 miles 
during the year, its greatest distance would be about 554,000,000 
miles, while its least distance would be reduced to about 
368,000,000 miles. In other words, its aterage distance all 
the year through would be diminished by 46,000,000 miles. 
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We are willing to allow all this, and not only so, but in 
addition, that, in the year 1880, the Earth did also happen to 
pass between Jupiter and the Sun most remarkably near to 
the time of Jupiter's passage through its Perihelion, viz., within 
eleven days ; and yet we see no necessity for believing that 
any special influence must, under such circumstances, arise, 
— certainly not that any harmful results must ensue. 

We must, moreover, recollect that we have no idea, if any 
such action should take place, by what law it would be governed. 
It might be proportional to the mass of the body so acting 
divided by its distance ; or divided by that distance squared, 
or cubed. It might follow laws similar to those of electricity, 
or of magnetism ; or it might simply act according to the 
ordinary law of gravitation. If the latter be the case (a pos- 
sible, although not a very probable,, supposition, which we 
may use for the purpose of illustration as a mean between 
various imaginable laws), we may calculate, that the maximum 
attractive effect of Jupiter upon the Earth would be nearly 
fourteen times that of Saturn, Saturn's about thirty-three 
times that of Uranus, and that of Uranus more than twice 
that of Neptune ; so that (speaking approximately) Jupiter's 
maximum influence would approach 500 times that of Uranus, 
and exceed 1,000 times that of Neptune. 

We may also remark, that not only do the great distances 
of Neptune and Uranus from the Earth almost put them 
out of the question altogether, but the very near approach of 
Neptune's orbit to a circular form makes its Perihelion-passage 
utterly unimportant. If any Perihelion effects exist, they must 
practically be limited to those of Jupiter and of Saturn ; and 
Jupiter is so much the more important, both in mass and 
proximity, that all we should think it necessary to do to settle 
the question (and this may be worth the while), is carefully 
to compare meteorological records, and to see whether any 
periodic change can be detected which corresponds with the 
dates of Jupiter's Perihelion-passages. 

At the same time, it must be remembered, that the period of 
Sun-spot maxima and minima (see Lecture II., p. 37) has an 
average duration of about 11' 1 years, and might therefore 
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correspond, for a considerable length of time, with that of 
any eflfect produced by Jupiter, and cause an apparent, 
although not real, coincidence, with the period of ll^yearSy 
which elapses between its Perihelion-passages. A sufficiently 
long-continued series of observations would, however, dis- 
tinguish between the two classes of phenomena. 

As to prophecies of impending trouble connected with the 
near coincidence of the dates of the Perihelia which occur 
between 1880 and 1885, we most confidently believe that no 
one need regard them, although it is certainly somewhat 
remarkable that the dates should just now follow one another 
quite so rapidly. It is also an unfortunate fact for the 
l)rophets in question, that, Jupiter's period being barely 
twelve years, that huge planet will be very nearly in it^ 
Aphelion^ or at its greatest distance from the Sun, the 
position of which is marked 1886 in Fig. XCIII., before 
Saturn will have reached its Perihelion in 1885. In 1885 
we might therefore expect the influence of Jupiter, and that 
by &r the most important of all such possible influences, to be 
nearly reversed, and to oppose that of Saturn. 

It may also be well to notice another important fact ; viz., 
that the change in the attractive eflect of the Sun upon the 
Earth, in the course of each single year^ is vastly greater than 
the change in the attractive effect, even of Jupiter, when its 
Perihelion and Aphelion i)a8sages respectively draw it especially 
near to the Earth, or remove it to an unusual distance from it. 
This is, of course, upon our previous supposition, which we have 
adopted for purposes of illustration, that the action referred to 
takes place according to the law by which gravity attracts. So 
huge is the Sun that a change of 3,000,000 miles in its dis- 
tance, at different times in the course of each year, alters its 
attraction upon the Earth about 10,000 times as much, as a 
change of 46,000,000 miles of distance alters the average value 
of that of Jupiter. It may also be calculated that the annual 
change in the Sun's attraction upon the Earth is about 1,800 
times as great as the whole average attraction of Jupiter. 
Hence we may easily conclude that, if the Perihelion-passage 
of Jupiter affects the Earth, the Earth's own Perihelion 
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passage might, year by year, be expected to do so vastly 
more. 

It is, of course, just possible that Jupiter might, when near 
to Perihelion, affect the Sun, and that such an effect transmitted 
through the Sun to the Earth might be much greater than its 
direct action. And we are aware, that it has at times been 
suspected that Jupiter's position relatively to the Sun actually 
influences its spots, or other phenomena, to some slight 
extent. Nevertheless, no decided proof has yet been obtained 
of any influence exerted by Jupiter (huge as is its .bulk) 
upon its much greater ruler, which deserves to be termed 
important. 

We may, therefore, say that, up to the present time, no 
effect, direct or indirecty of the passage of Jupiter, much less of 
any other planet, through its Perihelion, has been proved to act 
upon the Earth, either for good or evil. On the other hand, 
we cannot absolutely affirm its impossibility. And we may 
further allow that Jupiter is so important a body, that it 
may be well to watch for any synchronism of other phenomena 
with its periodic time, which, if detected, would deserve the 
most careful attention. 

Here we must for the present close our discussion of the 
Solar System ; — its Sun, its Planets, and its Moons. Not that 
we can i)retend that our treatment of either Satellite or Planet 
has been in any wise exhaustive, or as complete as we could 
have wished to make it; much less were we able to give due 
spaxje in our first two short lectures to the description of the 
marvels of the Sun, or to follow out the many suggestive lines 
of thought which they involve, and the important issues to 
which they lead 

Nor do we forget, not only that there may be many bodies 
in the Solar System yet unknown to us — Planets circling be- 
yond the path of Neptune, or within that of Mercury — Minor 
Planets, the succession of whose discovery has hitherto never 
ceased, — Comets, whose known numbers increase as each year 
passes, and of which many more would probably be seen if 
sufficient time could be devoted to a systematic scouring of 
the heavens in order thereto; — but that, even amongst the 



.oogle 



424 THE PLANETS URANUS AND NEPTUNE. 

known members of the Solar System, we are regretfull3' 
leaving many unnoticed. 

To it belong some Comets, whose orbits are so precisely 
determined, that we can calculate their daily places almost 
as accurately as those of the Planets ; some, whose periods 
round the Sun are so short * that they come within the limits 
of those of the Minor Planets, while their orbits are not very 
much more oval, or excentric, than those of some of these 
last-named little bodies. There are also, as we have pre- 
viously mentioned, several well-known Comets which, in 
journeying round the Sun, never go much farther away than 
the orbit of Jupiter; others whose range is approximately 
bounded by that of Saturn, or of Uranus; others which sweej* 
outwards a little beyond that of Neptune, amongst which last 
is included the great comet of Halley;t while there are others, 
still under the control of our Sun, which, in their elongated 
paths, rush away to distances far more remote, before they turn 
back to a nearer proximity again. All these are members of 
our Solar System. 

And many a swarm of meteorites, mostly minute, but 
mingled occasionally with some of larger bulk, revolve in 
regular orbits round the Sun, in which in some cases (if not 
in most) they lag behind comets to which they have once be- 
longed, or of the dissipation of which they are the remnants. 
They are ever falling upon the Sun as fuel ; or being exploded 
into dust by the furious heat which the friction of our own, or 
of some other, atmosphere generates as they hurry through it ; 
or, by collision with Satellites and Planets, or with one another, 
losing their individuality and becoming aggregated into some 
larger mass. While they thus revolve, they too are members 
of our Solar System. 

And it has its visitors as well — Comets and Meteorites which 
rushing onwards from distant regions of space travel once, and 

♦ As, for instance, 3^ years in the case of Encke's comet, and 5i years 
in the case of Winnecke's. 

t To its return in 1910. in what will probably be a most effective 
position for observation in our latitudes, those who are now young may 
look forward with pleasing anticipations. 



Digitized by 



Google 



THE PLANETS URANUS AND NEPTUNE. 425^ 

only Once, through its bound^tries, in a hyperbolic path from 
which they never return— visitors that are its links to the 
universe beyond. 

As to all these we must at present say nothing. Perhaps 
our best consolation may be, that, as yet, we know so little that 
is positive and certain with regai-d to them, that, if our space 
had allowed us to discuss them, we might very likely have 
been led away from the realms of positive and well-ascer- 
tained truth, to which we have endeavoured as far as possible 
to confine the lectures, to others rich in fascination, but full 
of uncertainty, and vaguely hyppthetical. 

Let us hope, that the information which, to the best of 
our ability, we have put before our readers may help them, if 
they should be disposed in their fiurther studies to venture 
upon the stormy and doubtful sea of hypothesis, to start 
as Irom a safe and well-surveyed harbour, to which they 
may ever and anon return, and, casting anchor, pause 
awhile to meditate upon the results of their voyage. May 
the facts here recorded be as ballast to their vessel, to* 
keep it from drifting to shipwreck on the rocks of error, 
before some gale of false deduction, or hasty conclusion ; 
and as warning beacons point to a careful and per- 
severing study of accurate and positive truth, and to the 
mathematical investigation of the laws that govern facts 
definitely obser\'ed, as the means by which Astronomy has, 
in the past, gained its marvellous triumphs and achieved 
its wondrous successes, and shall, in the future, gain 
triumphs more marvellous and achieve a success more 
wondrous by far. 

It may be an appropriate reminder of the subject matter 
which this course of lectures has embraced, and a not 
unsuitable conclusion to the whole, to put before our readers 
the following simple diagram, which shows how vastly the 
mighty globe of our great central luminary surpasses that 
of the largest Planet; and how small and unimportant is 
the Earth compared with several of its brethren in the 
family of the Sun. It has been drawn as nearly as 2>ossible 
u])on a correct scale, and is intended to represent, according 
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to the statements made from time to time in the preceding 
pages : — 

A diameter for the Sun of about 865,000 miles 
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Fi^. XCI v.— Comparative sizes of the Sun and the planets. 
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of, 289; Jupiter weighed by, 292; 
light, comparative, of, 271 ; meteoric 
matter and origin of, 288; names, 
curious, of, 271 ; the nearest to th& 
Earth. 276; orbits of, 12, 290; near 
coincidences of, 277 ; origriii of, pos- 
sibly bv a collision, 28<) ; origin of and 
the nebular hvpothesis, 287; Olbers' 
theory, 2«1, i»8 ; periods of, 276 ; 
possible beyond Jupiter, 288 ; redis- 
covery of, 272 ; uses of, 291 ; and the 
satelfitis of Mars, 262, 293 ; sizes of,. 
277 ; Sun's distance found by, 291 : 
variability of light of, 279 ; weight of, 
aggre^at^'. 270 ; zone of, 268. 

Planetoid, the name, 266 (see PhnetSy 
^finor). 

Pole, celestial, altitude of, 180 ; defini- 
tion of. 177; position, apparent, of , 178. 

Polyhymnia, the minor planet, 273. 

Pritchett. Prof., drawing of Jupiter, 306. 

Primum Mobile, the, 116. 

Proctor, Mr., map of Mars, 239 ; rotation 
of Mars, 236 ; his work upon Saturn, 366. 

Prominences, solar, (see The Sun). 

Repulsive force in the Sunv44. 

Retrogression of planets, 102, 130, 136^ 

Right ascension, 134. 

Rills, lunar, 73. 

Romer, the velocity of light, 34«. 

Rosse, Lord, the temperature of the 
Moon's surface, 80. 

Rotation of the Earth, proofs of, 197. 

Russell, Mr. H. C, observations of Jupi- 
ter, 809. 

Rutherfurd, Mr., lunar photographs by, 
68,72.. 

Sandwich Isles, great crater in, 76. 

Sappho, the minor planet, 292. 

Saturn, belts upon, 364 ; cycle and 
epicycles of, 110; distance of,. ?56 ;. 
drawings of, 358, 369, 870, 371 ; obser- 
vations of, bv the Balls, 867 ; by Bond, 
868 ; Cassini, 867 : Dawes. 368 ; Galle, 
ma ; Hall, .H55 ; Herschel, 355, 368; 
Huyghens, 367 ; Lassell. 868 ; orbit o^ 
856 ; path of, seen from tne Earth, 102 ; 
phases of rings of, 857, 859, etc. ; polar 
compre8si^^^,^^,§^^^|i|gi^^of, fa- 
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Yourable in 1885, 809 ; Proctor, Mr., his 
work apon, 'M6 ; eatellites of (see 
fateUitet) ; seen from its rinj^s, 376 ; 
from its sat'ellites, 890 ; from Uranus, 
898 ; its shado v on the rin^, 370, 37(>, 
377; size of, 855; compared with Japiter, 
855 ; spoti upon, 855 ; synodic period 
of, 129. 
Rings, the, of Saturn — possibly ap< 
proaching Saturn, 875 ; brightest 
part of, 8<)9 ; bright side of, when 
visible, 862 ; constitution of, 878, 
874 ; description of, 367, 867, etc. ; 
dimensions of, 375; disappearances 
of, 868, 864 ; when next to occur, 
3<55 ; discoverv of, history of suc- 
cessive, 8(>6, 869, etc. ; divisions 
in, 291, Si!7, 874 : eclipses of Sun 
by, 880, 884 ; eclipses of Sun on, 
8*76 ; eccentrical, 872 ; gaps in, 
291 J 874 ; latitudes, whence in- 
visible, 388 ; named a, b, o, 857 ; 
passage of their plane through the 
Earth, 860; their phases, 85^, 859, 
860, etc.; rotation of, 372, 378; 
satellites, composed of, 874 ; satel- 
lites threaded on, 871 ; Saturn seen 
from, 876 ; Saturn, shadow of on, 
870, 876, 877 j seen from Saturn, 
378; seen from satellites, 390; 
thickness of, 871 ; when next most 
widely opened out, 857 ; ratio of 
their axes at such times, 860. 
Satellites of Jupiter, atmospheres of, 
816; Bode's law, and, 829 ; Copemican 
theory, and, 324 ; densities of, 830 ; 
discovery of, 321 ; distances of, 827, 
329; eclipses of, 14, 832, 888, 348; 
longitude found by, IU8 ; eclipses and 
occultations of, order of, 837 ; Jupiter 
seen without satellites, 847 ; Jupiter 
as a sun to, 853 ; light of, variations in, 
ft45, a4r» ; longitude found by, 348 ; 
movements of, Laplace's relation 
between, 883; observations of, by 
Englemann, 326, 346 ; I'lammarion, 
846; Galileo, 821, 845: Herschel, 
345 ; Laplace, 333 ; occultations of, 
385, 837 ; orbits of, when convex to 
the Sun, 349 ; the diameters of, 327 ; 
planes of, 881 ; paths in space of, 849, 
851, 352 ; periods of, sidereal, 829 ; 
synodic, 328 ; phases of, 331 ; rotation 
of, 846 ; seen by the naked eye, 825 ; 
seen in horizon and in zenith^ 881; seen 
through the edge of Jupiter, 847; 
shadows of, size of upon Jupiter, 811 ; 
transits of, 8:)9; shadow preceding or 
following satellite, 340 ; occultea by 
satellite, 352 ; sizes of^ 826, 327 ; solar 
eclipses caused by, their duration, 841 ; 
their frequency, 843 ; solar system, a 
miniature. 852 ; transits of, and of their 
shadows, 839, 845 ; variations in light 
of, 845, 846 ; velocity of light deter- 
mined by, 14, 848 ; weights of, 380. 
Satellites of Mars, 249, etc. ; discovery 



of, 249 ; inhabitants of, 261 ; light of, 
257 ; Mars seen from, 261 ; Mars 
weighed by, 262 ; may be minor 
planets, 252, 298 ; movements, appa- 
rent, of, 258 ; seen in horizon and 
zenith, 25<> ; seen from Mars, 261 ; 
sizes of, 251 ; tides caused b}*, 258 ; 
transits of across Sun, 262. 

Satellite of Xeptune. discoverj' of, 415; 
distance, size, and orbit of, 415 ; in- 
clination of its orbit, 407 ; retrograde 
motion of, 407. 

Satellites of Saturn, Bode*s law and, 
886 ; compared with the solar system, 
887 ; discovery of, 885 ; distances of, 
885, 389; eclipses of, 388; lapetiis. 
variability in hght of, 392 ; latitudes 
in which visible, 388 ; light of, 389 ; 
periods of, 885, 886 ; rines composed 
of, 874 ; rings, where hidden by, 387 ; 
rings seen from, 890 ; seen in horizon 
and zenith, 388 ; Saturn seen from, 
890; sizes of,. 885; threaded on the 
ring-line, 871 ; Titan, shadow of, 391. 

Satellites of Uranus, discovery of, 899 ; 
distances of, 899 ; orbits, inclination 
of, 401 ; retrograde motion of, ap- 
parent, 404, 406 ; its relation to the 
nebular hypothesis. 408; periods of, 399. 

Satellite of Venus, 166. 

Schehallien experiment, the, 208. 

Schiaparelli, Prof., the axis of Mars, 243 ; 
canals on Mars, 240. 

Schroter, observations of Mercury, 145 ; 
of Venus, 164, 168. 

Scott, Mr. Benjamin, supposed intra- 
I Mercurial planet, 141. 
' Seasons of the Earth, 178; of the Tropics, 
185. 

Seochi, Padre, observations of Sun-spots^ 
33 ; of prominences, 81 . 

Sidereal and solar daj-s, 222, 228 ; years, 
227. 

Siemens, Dr.)regeneration of solar energy. 
46. 

Sm^-th, Admiral, observation of a satellite 
of Jupiter, 847; Saturn's ijng, division 
of, 86<. 

Solstices, the, 175. 

Specular reflection, of Venus, 165. 

Spectrum, continuous, 24; diffraction,, 
26 ; lines in, 25 ; pure, 23 ; solar, 24. 

Spectroscope, the, and Mars. 237 ; and 
Mercury, 153 ; and minor planets, 278; 
nature of, 23. 

Spectroscopic Society, memoirs of Italian, 
drawings of prominences in, 31 ; of 
Sun-spots, 36; solar photographs in, 42. 

Spheres, crystal, 116. 

Spheroids, now generated, 194. 

Stations of the planets, 1U2, 130, 136 ; of 
Venus, 135. 

Stone, Mr., diameters of minor planets. 
277 ; transits of Veuus in 1769 and 
1874, 11, 13. 

Sun. the. in apogee, 228 ; attraction of,, 
upon the Moon, 57 ; attraction of, 
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compared with Jupiter'i, 422 ; centre 
of gravity of, and of Jupiter, 316 ; 
corona of, 48 ; daylight view of pro- 
minences of, 29; distance of, 4, 6, IH, 14, 
](>, 17, 291 ; most probable value of, 18 ; 
diurnal path of, 175, 188; eclipses of, 
87 ; next, visible in England, 88 ; 
frequency of, 89 ; duration of, 90 ; 
phenomena of, 48; total of, August 
1868,92; July, 1878, 28; May, 1882, 
28 ; granules^ sol^r, 42 ; ' heat of^ 
how maintained, 4<» ; light, velocity 
of, and the Sun's distance, 14 ; mag- 
netism of the Earth and Snn-spots. 86, 
89 ; meteors revolving round, 44, 424 ; 
parallax of, 4 ; in perigee, 228 ; pro- 
minences of, connected with Sun-spots, 
84 ; drawings of, 81 ; eruptive and 
quiescent, 84 ; very lofty, 81 ; seen in 
daylight, 29 ; repulsive force of, 44 ; 
spots on (see Sun-gpots) ; substances 
existing in, 27 ; temperature of, 45 ; 
tidal power of, 65 ; upon Mars, 260 ; 
transits of Mercury across, 18, 150 ; 
of Venus, 2, 0, 9, 10, 11, 12, 126; 
Young's layer upon, 28; zodiacal 
li^ht of, 44 ; zones of spots and pro- 
mmences, 82. 

:Sun-tepots, 21 ; cyclones in, 85 ; draw- 
ings of, 85 ; compared with those of 
Jupiter, 811, 816 ; large, 89 ; maxima 
and minima of, 37 ; origin of, 84 ; 
affected by the planets, 41, 428 ; show 
solar disturbance. 86 ; spectra of, 88 ; 
their relation to the weather, 40. 

Swift, Mr,, supposed intra-Mercurial 
planet, 142. 

Synodic periods of the planets, 129 ; 
minor planets, sizes of, 2/8. 

Tacchini, Prof., prominences, drawings 
of, 81 ; Sun-spots and faculae, drawings 
of, 85. 

Tebbutt, Mr., transit of Mercary, 162. 

Telescope, the, power of the, 828. 

Temperature, the, of the Moon's surface, 
80 ; of the San, 45. 

Teneriffe, the great crater of, 76. 

Terby, M., drawings of Jupiter, 810. 

Thomson, Sir Wm., solidity of the Earth, 
219. 

Tides, benefits of, 92 ; prehistoric, 92 ; 
on Mars, 258; and the Earth's rotation, 
225 ; and the solidity of the Earth, 219 ; 
tidal power of the sun and Moon, 55. 

Tisserand, M., on intra-Mercurial planets, 
141. 

Titan, shadow of, upon Saturn, 891. 

TitiuB,law of the planetary distances, 128. 

Todd. Mr., observations of the satellites 
of Jupiter, 847. 

Transits, ofVenus(8eeKent«); of Mercury 
(see Mercury), 

Tropics, seasons of the, 185. 

Trouvelot, Mr. L., drawing of Jupiter, 
H07 ; of Saturn, 370. 



TJltra-Neptunean planets, 415, 416. 
Uranns, axis of, its inclination, 402, 408 ; 
Bode's law and, 898 ; di^overy of, as 
a comet, 898 ; distance of, 896 ; gravity 
npon. 897; light of, compared with 
satellite' of Jupiter, 408 ; past obser- 
vations of. 895; orbit of, 896; perturba- 
tions of. by Neptune, 410; proved to 
be a planet, 894 ; planets, the, seen 
from, 898 ; rotation of, supposed, 
898; satellites of (see Satellites)', 
shape of, 897 ; size of, 897 ; solar heat 
and light upon, 898 ; velocity of, 397 ; 
weight of, 897. 

Velocity of light, 14, 348. 
Velocities of the planets, 117. 

Venus, albedo of, 168 ; atmosphere of, 
1 65; axis of, 168; brilliancy of, 149; when 
greatest, 157; cycle and epicycle of,io7; 
daylight observations of, 162; drawings 
of transit of, in 1874, 11 : elongation* 
greatest, of, 129 ; habitability of, 169 ; 
lumiere cendree of, 166 ; monntatns on, 
164 ; names early,of, 116 ; orbit of, 156 ; 
path of, in 1884, 183; path of, seen 
from the Earth, 104 ; phases of, 159, 
164, 324 ; rotation of, 168, 170 ; satellite 
of, 166 ; size of, 155; specular reflection 
of, 169 ; when stationary, 185 ; synodic 
period of, 129. 

Venus, transits of, 2-12. Black Drop,Jthe 
10; contact phenomena of, 10; dates 
of, 2 ; Delisle, method of, 9 ; dnratlon 
of, 6 ; Halley, method of, 9 ; in June 
and December, 126 ; photographs of, 
12; results of, in 1874, 11. 

Vesta, minor planet, colour of light 
of, 278 ; discovery of, 269 ; di-^tance of, 
267; Olbers' hypothesis and. 284 ; size 
of, 278 ; spectrum of, 278 ; visible to the 
naked ey:, 270. 

Vioo, De, observations of Venus, 164. 

Victoria, minor planet, 292. . 

Vincent, Mr., supposed intra-Mercurial 
planet, 142. 

Vogel, Dr., the rotation of Venus, 170 ; 
spectroscopic observations of minor 

W planets, 2*8. 
atson,Prof., supposed intra-Mercurial 
planet, 142. 

Weather, the, and the Moon, 96 ; and 
Sun-spots, 40. 

Winter, moonlight in, 82. 

Wolf, Prof., the Sun-spot period, 37. 

Wolfius, on inhabitants of Jupiter, 319. 

Wray, Mr., drawing of Saturn, 371 ; sup- 
posed intra-Mercurial planet, 141. 

Year, the sidereal, length of, 227. 

Young, Dr., reversal of the solar spec- 
trum, 27 ; on Sun-spots and promi- 
nences, 38, 84. 

Zodiac, the, 105. 

Zodiacal light, the, 44, 189. 

Z(511ner, the albedo of the Moon, 168. 

Zones of Snn-qpots and prominences, 32. 
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